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Production and hosting byAbstract In this paper we present a review of mineral systems in northern Xinjiang, NW China, focus-
sing on the Tianshan, West and East Junggar and Altay orogenic belts, all of which are part of the greater
Central Asian Orogenic Belt (CAOB). The CAOB is a complex collage of ancient microcontinents, island
arcs, oceanic plateaux and oceanic plates, which were amalgamated and accreted in Early Palaeozoic to
Early Permian times. The establishment of the CAOB collage was followed by strike-slip movements and
affected by intraplate magmatism, linked to mantle plume activity, best exemplified by the 250 Ma Siber-
ian Traps and the 280 Ma Tarim event. In northern Xinjiang, there are numerous and economically impor-
tant mineral systems. In this contribution we describe a selection of representative mineral deposits,
including subduction-related porphyry and epithermal deposits, volcanogenic massive sulphides and
skarn systems. Shear zone-hosted Au lodes may have first formed as intrusion-related and subsequently
re-worked during strike-slip deformation. Intraplate magmatism led to the emplacement of concentrically
zoned (Alaskan-style) maficeultramafic intrusions, many of which host orthomagmatic sulphide deposits.
A huge belt of pegmatites in the Altay orogen, locally hosts world-class rare metal deposits. Roll-front,rvey of Western Australia, 100
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Xinjiang Province (Xinjiang Uygur Autonomous Region), is
located inNorthwest China,with its capital city inUrumqi. Xinjiang
Province, hereinafter referred to as Xinjiang, covers over
1,660,000 km2, one-sixth of China’s total territory, bordering
Mongolia, Kazakhstan, Kyrgyzstan, Tajikistan, Afghanistan and
Pakistan. The physiography of Xinjiang is dominated by three
economically important basins, the Tarim, Turpan and Junggar, rich
in coal and hydrocarbon resources. These basins are framed by
mountain chains, with breathtaking scenery; the Altay in the north,
the Tianshan in the centre and the KunluneKarakorum in the south.
The Tianshan (Tian Z heaven, Shan Z mountains; with peaks
reaching in excess of 5000 m a.s.l., Bogdashan, and up to 7439 m
a.s.l. in the Pobedy Peak), extends across the centre, geographically
separating the Province into two regions, southern and northern
Xinjiang, whereas the Aiden Lake depression in the Turpan Basin at
154 m below sea level is the second lowest land on Earth.
Apart from coal and hydrocarbons, important mineral
resources include deposits of chromium, gold, iron, vanadium,
copper, nickel, tungsten, molybdenum, lead and zinc. Resources
of industrial minerals are also abundant in Xinjiang. These include
deposits of magnesite, fluorite, sulphur, kyanite, salt, kaolin,
asbestos, vermiculite, gypsum, graphite, perlite and zeolite.
Numerous thermal springs, locally exploited for mineral waters,
occur in zones or belts associated with major fault structures along
the Altay, South Tianshan and the Kunlunshan. The presence of
these hot springs testifies to ongoing hydrothermal activity asso-
ciated with the tectonic reactivation and uplift of the terranes
accreted around the Tarim and the Junggar stable and rigid blocks.
This tectonic reactivation is related to the collision of India with
Eurasia, during the past 30 million years or so.
In this contribution, we describe selected mineral systems1,
from hydrothermal to magmatic, of northern Xinjiang, using
published literature and our own field observations. The label of
northern Xinjiang, means that in this review we focus on the fold
belts or orogens that border the northern part of Tarim Block
(Tianshan) and surround the Junggar Block (Altay, west and east
Junggar). We discuss models that attempt to explain the links of
these systems with aspects of the geodynamic evolution of the
Altay and Tianshan orogenic belts, in which these mineral systems
are located.
2. General geology and tectonic settings
The geology of Xinjiang is described in Chinese literature by
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described the Phanerozoic geology of NW China and provided
a series of palaeogeographic maps. Comprehensive overviews can
be found in Seng€or and Natal’in (1996), Rui et al. (2002), Mao
et al. (2003) and Charvet et al. (2011), whereas Xiao and Kusky
(2009) and Xiao et al. (2009a) edited special issues devoted to
the geodymanic evolution and associated metallogenesis of
Central Asia. Other works focus on specific tectonic units (e.g.
Tianshan, West Junggar, etc), referenced in the sections ahead, as
appropriate.
Xinjiang comprises the following main tectonic units and
provinces (Fig. 1): MesozoiceCenozoic Tarim, Junggar and Tur-
pan Basins, surrounded by the Palaeozoic Tianshan, Kunlun,
Altay, West and East Junggar fold belts. These fold belts were
affected by tectonic deformation relating to events resulting from
the closure of the Palaeo- and Neo-Tethys Oceans and culminating
in the huge accretionary orogen of the Central Asian Orogenic
Belt (CAOB). The northward India-Asia collision resulted in their
rejuvenation and uplift, which continues today. Between the
Tianshan and the Junggar is the Yili Block, considered a remnant
of a microcontinent. An alternative interpretation by Wang et al.
(2008) suggests that the Yili block was formed by north-directed
and south-directed subduction.
The NW China region encompasses terranes and tectonic units
that are part of the CAOB (Jahn, 2004) or Altaid orogenic collage,
or Central Asian Orogenic Supercollage (Yakubchuk et al., 2005).
The CAOB, described in some detail by Windley et al. (2007),
extends from the Uralides in the west to the Pacific Ocean margin
of eastern Asia and is bounded to the north by the Siberian Craton
and to the south by the Tarim-North China cratonic blocks
(Fig. 1). The CAOB is a complex collage of fragments of ancient
microcontinents and arc terranes, fragments of oceanic volcanic
islands (e.g. seamounts), perhaps also volcanic plateaux, oceanic
crust (ophiolites), and passive margin sequences. Windley et al.
(2007) considered that the best modern-day analogue of the
CAOB would be the Circum-Pacific island arcs and terranes. In
other models, such as that proposed by Seng€or and Natal’in
(1996), the CAOB would represent a 7000-km long Kip-
chakeTuva-Mongol island arc. However, the CAOB view of
Windley and co-workers is more consistent with the evidence and
also accounts well for the mineral systems of this huge orogenic
collage. The amalgamation of the terranes that make up the CAOB
occurred at various times in the Palaeozoic and Mesozoic and was
accompanied by episodes of magmatism, ranging in age from
Ordovician (ca. 450 Ma) to TriassiceCretaceous (ca.
220e120 Ma) that resulted in the emplacement of large volumes
of granitoid intrusions (Jahn, 2004) and mafic volcanic rocks (e.g.,
Zhu et al., 2005), accompanied by lesser volumes of
maficeultramafic intrusions. A-type granitic and peralkaline
intrusions in the CAOB are common and are associated with post-
collisional tectonism. NdeSr isotope studies indicate that these A-
type and peralkaline granites are juvenile and of mantle origin
(Jahn, 2004). It is more likely that the granites of the region
include arc-related syn- to post-orogenic, as well as anorogenic
Figure 1 Xinjiang Uigur Autonomous Region in NW China and its principal tectonic units (after Rui et al. (2002)).
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(BGMRX, 1993). Radiometric dating of these granites indicates
that they were emplaced during the Carboniferous to the Triassic
(ages range approximately from 330 to 230 Ma; Jahn, 2004).
In northern Xinjiang, the Altay Orogen, West and East Junggar
fold belts and the Tianshan orogenic belt, as mentioned above, are
characterised by accreted terranes that were later affected by
rifting processes, strike-slip movements and post-collision intra-
plate rift magmatism with granitic, maficeultramafic intrusions
and continental flood basalts, between the Carbon-
iferousePermian and the Late Cretaceous (Xia et al., 2003, 2004;
Pirajno et al., 2008; Pirajno, 2010). The history of convergence
and assembly of the microcontinental blocks and sub-
ductioneaccretion complexes in NW China has been investigated
by Coleman (1989), Mossakovsky et al. (1994), Carroll et al.
(1995), and Xiao et al. (2004a,b). The geology of NW China is
schematically shown in Fig. 2.2.1. Tianshan and Yili Block
The Tianshan range extends 2500 km E-W from northern China to
the central Asian republics of Kazakhstan, Kyrgyzstan, Tajikistan
and Uzbekistan. West of the Chinese border, the Tianshan range is
well endowed with giant lode gold deposits and low-sulphidationepithermal gold deposits in a convergent margin magmatic arc
setting. These well known gold deposits include Kochbulak,
Muruntau, Zarmitan, Kokpatas (Seltmann and Porter, 2005), Tal-
dybulak Levoberezhnyi and Kumtor (Seltmann and Jenchuraeva,
2001).
GPS measurements and apatite fission track records (Zhou
et al., 2001 and references therein; Glorie et al., 2010) demon-
strate the ongoing uplift of the Tianshan, which, as mentioned
above, are due to the far-field effect of the India-Asia collision
(Yin, 2010). The Tianshan is essentially a collage of island arc
terranes (Xiao et al., 2009a,b) that have been added between the
Tarim Craton, the Junggar Basin and the Siberian Craton. Rui
et al. (2002) divided the Tianshan belt into a Northern Tianshan,
Central Tianshan with the Yili Block and Southern Tianshan. The
same subdivision is used in the western part of the orogenic belt in
Uzbekistan and Kyrgyzstan, but these do not correspond with their
Chinese counterpart (Chiaradia et al., 2006). When discussing
specific areas and/or topics, many researchers prefer to consider
the Tianshan orogen into western and eastern sectors. Here, we
retain the divisions of North, Central (with Yili Block) and South
Tianshan, which are adopted by most workers (e.g de Jong et al.,
2009 and references therein).
The North Tianshan (Fig. 2), best represented in the Bogda-
shan range, east of Urumqi, consists of Carboniferous calc-alka-
line volcanic and sedimentary rocks, intruded by mafic and
Figure 2 Simplified geology of NW China (Xinjiang Province) (after Pirajno et al. (2008)).
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Kanggur terrane (also called Jueluotage belt or terrane), are
interpreted as volcanic arcs, which could have formed either as
north-directed or as a south-directed subduction of oceanic crust
and separated by an ocean from other island arcs, such as the
AqishaneYamansu arc and the DananhueTousuquan arc. The
latter hosts a series of porphyry systems, namely Yandong, Tuwu,
Linglong and Chihu (see below).
The Central Tianshan (Fig. 2) is a wedge-shaped zone
comprising, from north to south, a forearc melange, a Carbonif-
erous volcanic arc and a SilurianeDevonian volcanic arc. The
Central Tianshan also contains basement inliers of Late Protero-
zoic age, which may have been part of an earlier microcontinent
(i.e. Yili Block or microcontinent) (Zhang et al., 1984). The
Central Tianshan OrdovicianeSilurian arc system is considered
by Xiao et al. (2004b) as a composite Andean type volcanic arc
with volcanic rocks of calc-alkaline affinity, and I-type granitic
intrusions on a Precambrian basement. Carboniferous rift-related
volcanic rocks are present in the Yili Block (see below), and are
superimposed on the OrdovicianeSilurian arc.
The South Tianshan (Fig. 2) contains fragments of oceanic
crust material in fault contact with a sequence of sandstone, shale,
chert and limestone of Mid-Silurian to Mid-Carboniferous age,
which were possibly deposited on a passive margin on the north
side of the Tarim block (Carroll et al., 1995). The South Tianshan
belt consists of Carboniferous felsic to intermediate volcanic and
volcaniclastic rocks attributed to volcanic arcs, and Silurian vol-
canogenic sedimentary rocks, deposited in a back-arc setting.
These rocks are separated from the North Tianshan by a major E-
W-trending suture, the Kanggur Fault. The Central Tianshan
collided with a north-facing passive margin on the north side of
the Tarim during Late DevonianeEarly Carboniferous (Xiao et al.,2008, 2009b; Gao et al., 2009). In this way, the South and Central
Tianshan were amalgamated with the Tarim Block. Between the
Late Carboniferous and Early Permian, the intervening ocean
between the North Tianshan arcs and the amalgamated Tarim-
SoutheCentral Tianshan tectonic unit closed and the North
Tianshan arc was accreted to the Central Tianshan orogen
(Windley et al., 1990). Granitic rocks intrude the island arc
successions and consist of a number of batholiths that include
granodiorite, diorite and monzonitic granite (Gao et al., 2009).
UePb dating of these granitic intrusions yielded ages ranging
from 333 to 389 Ma (Han et al., 2006a,b, and references therein).
The Yili Block (Fig. 2) is a fragment of a microcontinent that
consists of a series of Precambrian terranes that were amalgam-
ated in the Early Palaeozoic (Rui et al., 2002). The central parts
of the Yili Block are dominated by Carboniferous sedimentary
rocks intercalated with basaltic volcanic rocks. Wang, B., et al.
(2007a) and Zhu et al. (2009) interpreted the Late Devon-
ianeCarboniferous volcanic rocks in west Tianshan (and Yili
Block) to have formed in a continental arc invironment. The
nature of these volcanic rocks (calc-alkaline arc-related versus
intraplate rift-related) is pivotal in the understanding not only of
the Yili Block but also the surrounding region. Xia et al. (2003,
2004, 2005) considered these volcanic rocks as mantle-plume
related and part of a large igneous province, whereas Wang et al.
(2007a) considered the sedimentary-basalt package as being part
of a subduction-related volcanic arc.
According to Xiao et al. (2004a,b, 2008), the Yili microplate
and Central Tianshan are bound by suture zones against the
KokshaaleSouth Tianshan accretionary complex on the south side
and the North Tianshan accretionary complex with the Har-
likeDananhu volcanic arc on the north side. The HarlikeDananhu
arc was separated from the East Junggar by the Karamai (also
F. Pirajno et al. / Geoscience Frontiers 2(2) (2011) 157e185 161spelt Kelamayi or Kelameili) Ocean. Xiao and co-workers sug-
gested that the HarlikeDananhu magmatic arc and Xiao-
pueBogda back-arc system of the North Tianshan belt, may have
been formed by a south-dipping subduction zone. Along the
southern edge of the Turpan basin this arc system is composed of
Ordovician and DevonianeCarboniferous Dananhu arc, including
the Devonian Kalatag, Dananhu, Tousuquan and Kanggurtag
Formations, comprising mafic lavas, pyroclastic rocks, clastic
sedimentary rocks and felsic volcanic lavas and tuffs (a bimodal
sequence?). The Carboniferous includes the Xiaorequanzi
Formation, Qiatekaertag Group and Dikaner Formation
comprising tholeiitic lavas, pyroclastic rocks, greywacke and
carbonates (Xiao et al., 2004b). SHRIMP zircon ages ranging
from ca. 383 to 334 Ma have been obtained from arc-related
granitic rocks (Xiao et al., 2004b and references therein). To the
north of the Dananhu arc and in fault contact is the Kanggurtag
forearc accretionary complex, which consists of a sequence of
volcano-sedimentary rocks of Lower to Mid-Carboniferous age.
Other melange rocks of the accretionary complex include Dev-
onianeCarboniferous basaltic and spilitic lavas, keratophyre
(felsic volcanics), pyroclastics, chert and deep-sea turbidites,
imbricated in a 5-km thick sequence (Xiao et al., 2004b). Part of
this accretionary complex are ophiolitic rocks that comprise
pillow basalts, serpentinite, metagabbro, plagiogranite (low-K
granitic rock formed at mid-ocean ridges), keratophyre, chert,
structurally juxtaposed onto greywacke, phyllite, quartzesericite
schist and meta-tuff in the Kanggurtag area.
The Kanggurtag area is close to the major tectonic boundary
separating the North Tianshan from the South Tianshan terranes.
The main structural elements in the area are the E-W-trending
Kanggurtag Fault (or Kanggur Shear Zone) in the north and the
WNW-trending Kulungetag Fault in the south. The Kanggurtag and
Kulungetag faults enclose rocks of the Juluotag volcanic arc, which
are in fault contact (along the Yamansu Fault) with a sequence of
sedimentary and volcaniclastic rocks (mainly siltstone, sandstone
and tuffs that were possibly trench sediments). The rocks of the
Juluotag arc include intermediate to felsic volcanics of Carbonif-
erous age. South of the Juluotag arc are mafic volcanics interpreted
to represent a back-arc basin setting. The contact between these and
the arc volcanics is intruded by a large granite pluton. A KeAr age
of 293 Ma is reported for one of these granites (BGMRX, 1993).
Thus, the overall tectonic setting is that of a trench, volcanic arc, and
a back-arc basin, with subduction polarity towards the south, as
indeed envisaged by Xiao et al. (2004b).
2.2. Altay (Altai) orogen
The Altay orogen extends for more than 2500 km from
Kazakhstan, parts of Russia, across northeastern Xinjiang Prov-
ince to western Mongolia and was formed through a complex
series of events that include accretion, subduction and opening
and closing of small basins (Windley et al., 2002; Goldfarb et al.,
2003; Xiao et al., 2009b). The Chinese part of the Altay orogen
was divided by Windley et al. (2002) into five fault-bound
terranes. These are briefly described below. 1) The Altayshan
terrane consisting of Late DevonianeEarly Carboniferous meta-
sedimentary rocks, overlain by shale, siltstone, greywackes and
limestone (Kumasu Group). All are intruded by granitic plutons.
The terrane is interpreted to represent the remnants of two island
arcs. 2) The Northwest Altayshan terrane contains sedimentary
and volcanic rocks of Neoproterozoic to Early Devonian age
forming a sequence of metasediments and schist rocks up to6000 m thick (Habahe Group). These rocks are unconformably
overlain by shale, limestone, andesite and porphyry volcanic rocks
(Baihaba Group), associated with tonalite, granodiorite and
hornblende granite plutons. One of these granites has a Sm-Nd
isochron age of 390 Ma. The entire succession is interpreted as
a continental volcanic arc. 3) The Central Altayshan terrane forms
the central part of the Chinese Altay orogen and contains high-
grade metamorphic rocks and granites ranging in age from Neo-
proterozoic to Silurian. In one area (west of the Fuyun Fault) is
a belt of gneiss, migmatites, quartzite and fossiliferous marble
(Habahe Group), overlain by a succession of a continental turbi-
dites, approximately 8000 m thick. In the Keketuohai area are
major pegmatite fields, including one of the largest pegmatites in
the world, associated with post-tectonic granites. Undeformed
granites in the Keketuohai area have UePb SHRIMP and Sm-Nd
ages of ca. 248 Ma (Zhu et al., 2005). 4) The Qiong-
kuereAbagong terrane consists of upper Silurian to lower Devo-
nian arc andesitic volcanic and volcanic clastic rocks with lesser
basaltic rocks with a Rb-Sr isochron ages ranging from 307 to
285 Ma. These rocks are overlain by the Altay Formation which
consists of a turbiditic sandstone-shale succession, associated with
basaltic pillow lavas. 5) The Erqis terrane is wedged in between
terrane 4 and the Irtysh fault (see below). This terrane consists of
a high-grade metamorphic Precambrian basement (gneiss and
schist) with Pb model ages ranging from approximately 1849 and
1791 Ma. This basement is overlain by Devonian and Carbonif-
erous fossiliferous sedimentary rocks, intruded by post-orogenic
granites.
An important structural element of the Chinese Altay orogen is
the Irtysh (also spelt Erqis or Yrtys) transcurrent fault zone (Fig. 2),
which extends for more than 1000 km into Mongolia and
Kazakhstan and can reach widths of up to 50 km. Both sinistral and
dextral strike-slip movements occurred along the Irtysh fault zone.
An important part of the geodynamic evolution of the Altay
orogen took place at the PermianeTriassic transition, when oblique
collision occurred between the Tarim block and the Altay collage
and the North China craton (Yakubchuk et al., 2005). Alkaline
magmatism of TriassiceCretaceous age extended far inland from
the North China craton and affected the Altay orogen as well
(Yakubchuk et al., 2005). The zoned maficeultramafic plutons of
the Kalatongke belt (Fig. 3), locally hosting magmatic NieCu ores
(see below), are temporally and spatially associated with Permian
A-type granites and were emplaced along a zone within the Irtysh
Fault. The Kalatongke mafic rocks have been dated using the Rb-Sr
method (285 and 298 Ma), and by Sm-Nd isochron (298 Ma with
3Nd (t)Z þ6.0; Han et al. (1997) and references therein). Han et al.
(1997) pointed out that the Ulungur A-type granites and the mafic
rocks in the region, considered to be ophiolites, have a similar
range of 3Nd (t) values and therefore these granites and the mafic
rocks may both originate from the same long-lived depleted upper
mantle source. These authors go on to state that these A-type
granites, and by inference the associated mafic rocks, are anoro-
genic, mantle-derived and emplaced in rift settings.2.3. West and East Junggar fold belts
The West and East Junggar fold belts (also referred to as terranes,
Fig. 4) border the northwestern and northeastern margins of the
Junggar Basin, respectively and both are characterised by linear
zones of Palaeozoic ophiolites and post-collisional granitic
intrusions (Chen and Jahn, 2004; Xiao et al., 2008; Figs. 1 and 3).
Figure 4 Schematic geology and distribution of selected mineral deposits in northern Xinjiang, modified after Mao et al. (2003); Qin et al.
(2003) and Yang et al. (2009), note that names of tectonic terranes may differ from other published versions of NW China geology; 1)
Ashele CueZn, 2) Duolonasayi Au, 3) Saisu Au, rare metals deposits at 4, 5, 6, 7, 8, 9, 13, 14, 15 and 33, 10) Keketale CueZn, 11) Saebulake Au,
12) Kalatongke CueNiePGE, 16) Hatu Au, 17) Sartuhoi Au, 18) Lamasu Cu, 19) JinxieYelmand (also called Yiermand), 20) Axi Au, 21)
Kendenggaor Cu, 22) Shengli Cu, 23) Xiaorequanzi Cu, 24) Xitan (Shiyingtan) Au, 25) Kanggur Au, 26) Matoutan Au, 27) Kalatage Au, 28)
Yandong Cu, 29) Tuwu Cu, 30) Xiangshan CueNi, 31) Huangshan CueNi, 32) Huangshandong CueNi, 34) Hulu CueNi, 35) Jinwozi (Jinouzhi),
36) Mazhuangshan Au; A1-CarboniferousePermian volcanic basin, A2-Caledonian Kanasi-Keketuohai fold belt, A3-Hercynian Kelan fold belt,
A4-Late Palaeozoic Armantai island arc, A5-Late Palaeozoic Sawurshan island arc; B1-Western Junggar terrane, B2-Eastern Junggar terrane; C1-
Sailimu block, C2-Wenquan block, C3-Palaeozoic Boluhuoluo island arc, C4-Yili CarboniferousePermian intracontinental rift, C5-Lalati-Harlik
terrane, C6-Late Palaeozoic Yielianhabirga island arc, C7-South Tianshan Late Palaeozoic back-arc, C8-South Tianshan Early Palaeozoic
continental margin, C9-Late Palaeozoic Jueloutage terrane, C10-Late Palaeozoic Bogega rift; D1-Late Palaeozoic Kalatierek passive margin, D2-
Muzart block, D3-South Tianshan Late Palaeozic continental margin, D4-Kuruktage Precambrian block, D5-CarboniferousePermian Beishan rift.
Figure 3 Junggar Basin and the West-East Junggar belts on the NW and NE margins with ophiolites and granites (after Chen and Jahn (2004)).
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F. Pirajno et al. / Geoscience Frontiers 2(2) (2011) 157e185 163Recent works on the Junggar fold belts include Tang et al. (2010)
and Zhang et al. (2010a,b, in press). Both fold belts are interpreted
as having formed by the accretion of island arcs and intervening
oceans (ophiolites), between the Cambrian and the Carboniferous.
The West Junggar terranes, such as Tangbale, Kekesayi, Ebinur,
Laba, Karamai and Malyia (CambrianeSilurian) are all intra-
oceanic and were docked in a series of subduction systems
(Buckman and Aitchison, 2004). The Sartuohai terrane is largely
ophiolitic and was emplaced as a melange in the late Carbonif-
erous. Post-collision events included the intrusion in the Permian
of A-type granites and mafic dykes, clearly indicative of wide-
spread extension and mantle upwelling (Buckman and Aitchison,
2004; Jahn, 2004), as corroborated by the Sm-Nd isotopic system
(3Nd(t) values ranging from ca. þ5.2 to þ7.1; Chen and Jahn,
2004; Chen and Arakawa, 2005). Indeed, and as pointed out by
Buckman and Aitchison (2004), the Permian extension and
intraplate magmatic activity affected the whole of central Asia
(Pirajno et al., 2009). This event is of considerable importance for
metallogeny, particularly for magmatic ore systems (Section 3.6).
Granites in the West Junggar include coarse-grained alkali-feld-
spar granite, associated with diorite and monzodiorite stocks and
NE-trending dioritic dykes. West and north of Karamai, anaro-
genic alkali-feldspar granite plutons, with isotopic ages ranging
from 321 Ma to 280 Ma (Zhao, 1992) intrude rocks of the
ophiolitic melange zone. A KeAr age of 279 Ma and a UePb
zircon age of 305 Ma are reported for two alkali-feldspar granite
plutons near the Saourtuhai podiform Cr deposit (BGMRX, 1993).
In the West Junggar, the Dalabute Fault (also spelt Talabute,
Darabut or Darbut) is a major sinistral northeasterly to easterly
trending fault zone. Associated with the Dalabute Fault is a mel-
ange zone, with the Tangbale Ophiolite Melange, containing
maficeultramafic, sedimentary and volcanic rocks. Rocks of the
Tangable Melange comprise radiolarian chert, pillow lava, gabbro,
serpentinite, harzburgite and lherzolite. These rocks are thought to
represent Early Palaeozoic oceanic crust formed in a back-arc
basin setting (Zhao, 1992). Radiometric dating of leucogabbro
(UePb), olivine cumulates and basalts (Sm-Nd), gives ages of
523 Ma, 489 and 447 Ma, with a collision age based on AreAr
dating of amphibolite of 356 Ma (Zhao, 1992). In the Saourtuhai
Cr mining area, the Dalabute fault separates a sedimentary
package from an ophiolitic melange containing a chaotic assem-
blage of blocks of diverse size (cm to tens of m) and rock types
including serpentinite, chert and volcanics.
The eastern end of theWest Junggar, known as Sawuer region, is
characterised by volcanic complexes that host epithermal systems
(Shen et al., 2007, 2008). Late-Palaeozoic volcanic rocks of the
Sawuer region include the Middle Devonian Sawurshan Formation
and the Lower Carboniferous Heishantou Formation (Shen et al.,
2008). The Sawurshan Formation consists of intermediate-felsic
volcanic rocks (rhyolites, dacites and andesites), volcaniclastic
rocks and basaltic lavas. The Heishantou Formation was erupted in
the Early Carboniferous and consists of a succession of mafic
volcanic rocks and volcaniclastics with intercalations of siltstone
and limestone. Rb-Sr isochron ages of 343  22 Ma have been
obtained for andesites in the Kuoerzhenkuola area (Shen et al.,
2008), where epithermal systems are present (described below).
The East Junggar terranes comprise a number of accretionary and
subduction complexes, and at least two important ophiolite belts.
Xiaoet al. (2008) list the following tectonic units for theEast Junggar,
from north to south: DulateeBaytag arc, Yamaquan arc and the
Armantai and Kalamaili ophiolitic belts. The DulateeBaytag arc
consists of boninite, pillowed basalt, adakite, andesitic basalt, chertand gabbroic rocks, variably imbricated with radioalarian chert,
turbidites and DevonianeCarboniferous Yamaquan arc volcanic.
These arc systems are, according to Xiao et al. (2008) of mature
(Andean?) settings, based on the presence of andesite and porphyry
Cu deposits. The Armantai ophiolite belt trends northwest and
contains peridotite, pyroxenite, gabbro, troctolite, dolerite, basalt,
serpentinite and chert structurally interlayered with Devon-
ianeCarboniferous sedimentary rocks. TheKaramai ophiolite trends
west-northwest and is distributed along the fault of the same name,
and contains the same rocks as the Armentai ophiolite. The Karamai
ophiolite is thought to be similar to the classic Cyprus Troodos
Igneous Complex and as such of a supra-subduction zone origin in
a forearc setting (Xiao et al., 2008).As for theArmantai ophiolite, the
Karamai rocks are also structurally interlayered with Devon-
ianeCarboniferous volcanic and pyroclastic rocks.
Finally, in the East Junggar and southeast of the Armantai
ophiolite, are volcanic rocks of Permian age have been interpreted
as being part of an island arc. The interpretation of Permian
volcanic rocks being of subduction-related setting is based on
geochemical data that includes early Carboniferous andesite to
late-Permian basalt from imbricated areas of the East Junggar fold
belt (Zhao et al., 2006b).
Zhao et al. (2008) in their study of granitic magmatism
(Sawuer Granites) in the West Junggar, where they recognised
337e302 Ma I-type and 297e290 Ma A-type granites, suggested
that they were emplaced during compressional (I-type) and
extensional (A-type) settings. Geng et al. (2009) and Tang et al.
(2010), on the other hand, classified the West Junggar granites
as diorite, charnockite and alkali-feldspar, or granodioriteediorite
and considered their origin as being the result of upwelling
asthenospheric mantle through a break in a ridge subduction
setting (slab window model).
3. Mineral systems of northern Xinjiang
There is abundant literature on selectedmineral deposits of northern
Xinjiang, both inChinese andEnglish. Zhao et al. (2006a) published
a monograph on mineral deposits related to alkaline rocks in Xin-
jiang. A book on the mineral resources of Xinjiang Province is by
Zhang et al. (1990; in Chinese). Important publications in English
include Rui et al. (2002) and the collection of papers in Mao et al.
(2003). The mineral systems of Xinjiang commonly form well
definedmetallogenic belts, such as theKanggurtag or East Tianshan
belt that extends in an E-W direction for about 600 km, is 100 km
wide, and contains epithermal Au, porphyry Cu deposits, lode Au
and CueNiePGE magmatic deposits (Mao et al., 2005); the
Altayshan metallogenic belt with rare metal pegmatites, intrusion-
related and lode Au, VMS, skarns and magmatic deposits (Goldfarb
et al., 2003); the West Junggar (including the HatueSaertuohai Au
belt) belt with its lode Au deposits (Wang et al., 2004) and the East
Junggar lode style and epithermal Au deposits (Rui et al., 2002). In
the sections ahead, we discuss a selection of mineral systems
according to type: porphyry, epithermal, skarns, lode style Au,
VMS, magmatic, rare metal pegmatites and sandstone-hosted roll-
type U. An overview of the distribution of mineral deposits in
northern Xinjiang is given in Fig. 4.
3.1. Porphyry systems
A number of porphyry systems are present in the Junggar terranes,
the eastern Tianshan (Kanggur belt andYamansueDananhu arcs)
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porphyry Cu belt, about 30e50 km west of the town of Karamai
(Shen et al., 2009), those in the eastern Tianshan include the
Yandong, Linglong, Chihu and Tuwu porphyry systems (Fig. 4;
Han et al., 2006a,b). Of these the Tuwu porphyry deposit is
perhaps the best known in the literature (Seltmann and Porter,
2005). In the western Tianshan, porphyry Cu, CueMo and
CueZn deposits occur in the late Palaeozoic Korkin island arc,
with UePb ages ranging from ca. 354 to 346 Ma (Zhang et al.,
2010a). In this contribution we briefly describe the Tuwu and
Baogutu porphyry Cu systems, which have been studied by Han
et al. (2006a,b) and Shen et al. (2009, 2010a,b), respectively.
3.1.1. Tuwu
The Tuwu porphyry (Fig. 4) is hosted in Carboniferous rocks of
the Qi’eshan Group of the DananhueTousuquan arc, which
mainly contains basaltic, andesitic and rhyolitic lavas and clastic
sedimentary rocks. A total resource of 2.04 Mt of Cu metal was
estimated for this deposit, discovered in 1997 and briefly exploited
between 1998 and 2002, with a new mining operation beginning in
2003. The ore-hosting granitic porphyry and diorite porphyry were
emplaced into the volcano-sedimentary succession and at least 23
stocks and plugs have been identified in the area. ReeOs dating of
molybdenite yielded an age of 323 Ma (Rui et al., 2002), whereas
UePb ages of the granitic porphyry range from 333 to 334 Ma.
The granite porphyry is characterised by strongly fractionated
chondrite-normalised REE patterns (SREE from 45 to 75 ppm),
with LREE enrichment and HREE depletion, with slight positive
Eu anomalies. MORB-normalised trace element patterns show
depletions in Nb and Y. These patterns have been interpreted as
being similar to those of subduction-related calc-alkaline
magmatic arcs.
The Tuwu deposit contains two ore zones; Tuwu and Eastern
Tuwu. The former is elongated in the E-W direction and wedge
shaped in cross-section and using a 0.50% Cu cut-off grade it has
a length of 900 m and an average width of 25 m. The Eastern
Tuwu ore zone is about 1300 m long with widths varying from 30
to 85 m. The style of the mineralisation includes disseminations
and stockworks. Ore minerals are dominantly chalcopyrite and
pyrite with lesser bornite, digenite, sphalerite, magnetite, hematite
and rickardite (Cu4Te3). The ores have large amounts of hematite
and magnetite. The ore zones are hosted in lithic sandstone and
conglomeratic tuffs in contact with the granite porphyry. Alter-
ation zones are, from the core outwards: quartz core, chlor-
iteebiotite, phyllic, argillic and propylitic. The chloriteebiotite
zone occurs as pods and veins and is associated with pyrite and
chalcopyrite; the biotite is Mg-rich. The phyllic zone is mainly
represented by the quartzesericite assemblage and is associated
with the bulk of the sulphide mineralisation. The propylitic zone is
composed by chlorite, epidote and albite and is the most wide-
spread alteration.
Six stages of alteration-mineralisation have been recognised, as
follows: 1) Mg-rich biotite is accompanied by albite and K-feldspar
(alkali metasomatism) with the sulphide assemblage of chalco-
pyriteepyriteebornite; 2) phyllic alteration (quartzesericite,
epidoteechlorite) and veins of chalcopyriteepyriteebornite; 3)
quartzemolybdenite veins as well as chalcopyriteepyriteebornite
and continuing phyllic alteration; 4) gypsum and anhydrite and
calciteelaumontite are introduced, with lesser sulphide veinlets; 5)
continuing calciteelaumontite alteration with sulphide precipita-
tion waning; and 6) supergene alteration with malachite and limo-
nite mainly.Fluid inclusion data, as reported by Han et al. (2006a), show
homogenisation temperatures (Th) ranging from 101 to 409 C,
with peaks at 125 C, 175 C and 225 C and salinities of
0.35 wt.% to 16.4 wt.% NaCl equiv, with a peak at 7.5 wt.% equiv.
Oxygen and deuterium isotopic compositions show d18O values
ranging from 7.70& to 9.70& in quartz and chlorite. The d18OH2O
values for the fluid are between 5.37& and þ6.62&, using
quartzewater and chloriteewater fractionation equations. dD
values of quartz and chlorite range from 45& to63&. Sulphur
isotopic compositions measured on chalcopyrite and pyrite have,
a narrow range from 0.9& to þ1.3&, suggesting magmatic and
mantle sources for the sulphur. The ore-bearing porphyry rocks
have initial 87Sr/86Sr ratios in the range of 0.7039e0.7067. The
above isotopic data suggest that ore material was derived from the
upper mantle.
Han et al. (2006a,b) interpreted the formation of the Tuwu, and
other porphyry systems in the region, as being related to one of the
calc-alkaline island arcs that developed between the Junggar and
the Tarim plates. The DananhueTousuquan island arc was formed
by north-dipping subduction with some characteristics of adakites
(high-Mg andesites), which are melts were derived from a sub-
ducted slab. Han et al. (2006a,b) suggested slab roll back and
break off with multiple new pulses of granitic magmatism, due to
asthenospheric upwelling, leading to partial melting of crustal
material, resulting in the intrusion of granitic plutons, which
produced the Tuwu porphyry system.
3.1.2. Baogutu porphyry CueMoeAu deposit
In the western Junggar a belt of porphyry systems, west of the
town of Karamai, has been identified and named Baogutu
porphyry copper belt, in which the mineralisation is hosted in
dioritic rocks. In the Baogutu deposit in situ metal resources of
111 tonnes at 0.28% Cu, >0.01% Mo and 0.25 ppm Au have been
reported (Shen et al., 2009 and references therein). The following
is summarised from the work of Shen et al. (2009; 2010a,b).
More than twenty stocks (numbered with Roman numerals I to
XX) of dioritic composition occur in the porphyry copper belt
(Fig. 5). The dioritic stocks intruded Devonian to Carboniferous
volcanic rocks at about 322 Ma and are included into a poorly
exposed Baogutu intrusive complex, variably described in
previous works due to extensive hydrothermal alteration, which
tends to mask the original composition of the rocks. The miner-
alisation seems confined to stocks I, II, III, IV, V and VIII, which
together define the Baogutu mineral belt (Fig. 5). Shen et al.
(2010a) recognised two intrusive phases: 1) equigranular
porphyritic diorite and quartzediorite; 2) diorite porphyry.
Hydrothermal breccias are also recognised. The alteration and
mineralisation are associated with the main phase diorites and the
hydrothermal breccias. The main stage intrusive phase is charac-
terised by an inner equigranular diorite, which forms the centre of
the complex located 500 m below the surface and is overlain and/
or flanked by porphyritic diorite and quartzediorite. Zircons from
this stage, dated using the UePb method, yielded a weighted
mean age of 325.1  4.2 Ma. The diorite porphyries of the second
phase occur at the margins of the main phase intrusions. Breccia
bodies, referred to by Shen et al. (2010a) as hydrothermally
cemented breccias and matrix-rich breccias, form bodies or zones
with thickness and widths of about 300e400 m, overprint both
equigranular diorite and porphyritic diorite (phase 1). These
breccias, containing angular, rounded to subrounded clasts, as well
as silt-size matrix, have gradational contacts with the host intru-
sives. The hydrothermal breccias are confined to zones of potassic
Figure 5 Schematic geology of the area around the Dalabute Fault (also called Darbut), western Junggar, showing distribution of porphyry
systems (Baogutu CueMo) and lode gold deposits (1 Hatu, 2 Qiqiu, 3 Baobei, 4 Sartuohai, 5 Baogutu Au, 6 Baogutu CueMo) (after Shen et al.
(2009)).
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whereas the opposite is observed for the matrix-rich breccias. We
tentatively suggest that these breccias are the result of multiphase
volatile exsolution and fluidisation processes that occurred in the
magmatic stage (potassic alteration, hydrothermal breccia) and
later during influx of H2O-rich fluids (phyllic alteration, matrix
breccias). The mineralisation consists of two zones: CueAu and
Mo. The first occupies the main part of the intrusive complex and
extends into the adjacent country rocks, whereas the second
occurs at depth within the complex and its outer contacts.
Molybdenite from the Mo ores was dated by the ReeOs method,
yielding ages of about 310 Ma (Song et al., 2007).
A paragenetic sequence of alteration and mineralisation
can be summarised as follows. Stage 1 began with the
emplacement of the equigranular diorite with local actino-
liteemagnetiteealbite alteration (substage 1A), followed by
substage 1B pervasive potassic and phyllic alteration,
comprising pervasive biotiteequartzemagnetiteerutileechlorite
alteration accompanied by disseminated chalcopyrite, pyrite,
pyrrhotite and chalcopyriteepyrite veinlets in the dioritic rocks.
Substage 1B alterationemineralisation in the dioritic rocks is
associated with the formation of the hydrothermal breccias and
constitutes the main phase of Cu mineralisation with the highest
grades (>0.4%). Potassic and propylitic alteration of substage
1B extend into the wall rocks. Substage 1C comprises pervasive
sericiteequartzepyriteechloriteecalcite alteration with minorquartzemolybdeniteechalcopyriteepyrite veins and quartz-
epyriteechalcopyrite veins. This alteration extends to the wall
rocks, but is not pervasive and is only accompanied by weak Cu
mineralisation. Ore grades of substage 1C range from 0.2% to
0.4% Cu and up to 0.002% Mo. Stage 2 began with the
emplacement of the porphyritic diorite, accompanied by selec-
tively pervasive biotiteequartzemagnetiteechlorite alteration
and weak Cu mineralisation (substage 2A). Substage 2B is
associated with the formation of the matrix-rich breccias and
consists of minor but pervasive gypsum and biotiteequartz
alteration in both intrusives and adjacent wall rocks.
Microthermometric measurements revealed five types of fluid
inclusions (Shen et al., 2010b): 1) two-phase liquid-rich (L1); 2)
two-phase liquidevapour (L2); 3) two-phase vapour-rich (V1); 4)
monophase vapour (V2); and 5) multiphase solid (halite).
Methane, CO2 and H2O have been detected in most inclusions and
the oxidization of the CH4 to CO2 representing the transition from
stage 1B (potassic alteration) to stage 1C (phyllic alteration). Fluid
inclusions in vein quartz from hydrothermal stage 1B have
homogenisation temperatures (Th) ranging from 180 C to 420 C,
with a bimodal distribution of 180 Ce260 C and
260 Ce420 C. This bimodality is interpreted by Shen et al.
(2010b) to indicate that the ore-forming fluids at Baogutu may
have derived from two different sources, namely: magmatic with
an influx of an external low-salinity fluid. Fluid inclusions in
quartz from stage 1C, have Th of between 170 C and 270 C for
Figure 6 Distribution of epithermal systems in northern Xinjiang, after Chen et al. (submitted for publication); 1 Aketishikan, 2 Kuorzhen-
kuola, 3 Jinxi-Yelmand, 4 Jingxibulake, 5 Axi, 6 Abiyindi, 7 Tawuerbieke, 8 Qabukanzuota, 9 Xiaoyuzan, 10 Tieliekesayi, 11 Kuruer, 12 Tuola,
13 Qingshui, 14 Jinshangou, 15 Peak 1583 or Shuangfengshan II, 16 Shuangfengshan, 17 Suorbasitao, 18 Beishan, 19 Shiyingtan (Xitan), 20
Hongshan (Kelatage), 21 Mazhuangshan.
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390 C; whereas V1 inclusions have the highest apparent Th
(180 Ce460 C), concentrating between 250 C and 390 C.
Shen et al. (2010a) concluded that the Baogutu intrusions were
derived from multiple sources, such as oceanic crust and
subduction modified mantle wedge, during convergence between
the Junggar plate and the Darbut (or Dalabute) volcanic arc
(Fig. 5).
3.2. Epithermal systems
A selection of epithermal Au deposits is described in the pages
ahead, mostly based on data from Chen et al. (submitted for
publication) and Yang et al. (2009), as well as other authors as
cited in the appropriate sections. The distribution of epithermal
deposits in Xinjiang is shown in Fig. 6 (see also Fig. 4).
3.2.1. Axi
The Axi deposit (No. 5 in Fig. 6), is located 30 km northwest of
Yining County, and is now the largest epithermal Au system in
North Xinjiang. A comprehensive account of the Axi low-sul-
phidation epithermal system can be found in Hart et al. (2003).
A more recent publication on this deposit is by Zhai et al.
(2009), who provided details of fluid inclusions, their compo-
sition and isotope systematics. The Axi gold deposit is in the
Yili Block within the Tulasu Early Carboniferous volcanic basin
on the southern slopes of Kerguqinshan of the Boluohuluo
accretionary arc (Sha et al., 2003) and is one of a cluster of
epithermal systems in the Tulasu district that includes Jinxi-
eYelmand, Abiyndi, Tulasu, Tuhulasu, Qiabukanzauota,
Tawuerbieke (Hart et al., 2003). The JinxieYelmand high-
sulphur epithermal deposit (No. 6 in Fig. 3) is described by Xiao
et al. (2005). About 70 km to the east is the Yelimodun district
with more Au deposits (Jiamante, Langbula, Tieliekete,Xiaoyuzan; see Hart et al., 2003 for description of these
deposits). The Tulasu basin is 30 km long and 8 km wide, and
hosts several other important epithermal Au deposits (Nos. 3e8
in Fig. 6). All epithermal systems in the Tulasu basin are hosted
by the Early Carboniferous volcanic rocks of the Dahalajunshan
Formation, which overlies a pre-Devonian metamorphic base-
ment comprising of MesoproterozoiceSilurian carbonate, flysch
and felsic-intermediate volcanic rocks. The Dahalajunshan
Formation is a ca. 1500 m thick andesiteedaciteerhyolite
sequence (including lava, breccia, tuff and ignimbrite), with
minor basalt intercalations, unconformably overlain by the
Lower Carboniferous Aqialehe Formation, which comprises
conglomerate, sandstone, shale and limestone. The rocks of the
Dahalajunshan Formation belong to a calc-alkaline series
volcanic succession, formed in an arc setting in the West
Tianshan. A caldera structure (or pipe?), 2e3 km in diameter
with ring and radial faults is present in the Axi orefield.
Nine orebodies are represented by veins and lenses in a 1000 m
long and 200 m wide belt in the hangingwall of a fault zone. The
largest and economically most important is the No. 1 orebody,
which is 940 m long, up to 41 m wide (average ca. 19.5 m), and
>450 m deep (Fig. 7). The average ore grades are 5.57 g/t Au and
11.02 g/t Ag. The No. 1 orebody constitutes 90% of the total Au
reserves of the Axi deposit (about 70 t Au; Rui et al., 2002).
The ores of the gold deposit include oxidised and primary
types. The oxidised ores extend to a depth of about 70 m, with
high grades, but only representing about 5%e10% of the total.
The primary ore accounts for 90%e95% of the total. The primary
ores can be subdivided into 3 types: (1) quartz vein, composed of
smoky grey quartz, chalcedony and auriferous sulphides, repre-
senting 20% of the total; (2) altered rock, also with 20% of the
total; and (3) breccia ore, with 60% of the total, formed by
multiple phases of brecciation and represented by replacement and
filling of the other two types.
Figure 7 Cross-section of Axi deposit (after Zhai et al. (2009) and Chen et al. (submitted for publication)).
F. Pirajno et al. / Geoscience Frontiers 2(2) (2011) 157e185 167In the Axi orefield wall-rock hydrothermal alteration consists
of several stages of silica (mainly quartz or chalcedony), sericite,
pyrite, chlorite, albite, carbonate, laumontite, adularia, with local
kaolinite (Chen et al., 2003). The pre-ore alteration is charac-
terised by propylitic assemblages, including chlorite, carbonate,
albite and sericite. This propylitic alteration is pervasive and
coeval with volcanic eruptions, showing no obvious relation to
gold mineralisation and is possibly related to greenschist facies
regional metamorphism. At least four generations of wall rock
alteration assemblages have been identified (Bao, 2001; Chen
et al., 2003), namely: 1) pyriteesericiteequartz; 2) quartze
chalcedony; 3) polymetallic sulphidesecarbonateequartz vein;
and 4) carbonateelaumontite veinlets. The characteristic ore
textures are breccia, banded and crustiform, as well as drusy
cavities.
Ore minerals include more than 40 mineral species, with the
dominant minerals being pyrite, marcasite, arsenopyrite and
electrum, followed by chalcopyrite, galena, sphalerite and native
gold (Bao et al., 2002; Sha et al., 2003, 2005). Sulphides are
relatively low in contents and base metal minerals can be observed
only in the medium to deep parts of orebodies. The gold minerals
include electrum and native gold with low fineness (average 761).
According to Bao (2001), fluid inclusions in quartz are small
and rare. Fluid inclusions in the auriferous quartz veins are
compositionally two-phase H2OeNaCl, with homogenisation
temperatures ranging from 80 C to 294 C, averaging 150 C.
Ore fluids calculated depths vary from 300 m to 900 m. Salinity
ranges from 0.48 wt.% to 5.16 wt.% NaCl equiv. Rb-Sr age
dating of fluid inclusions shows a range from 339 to 301 Ma and a
275 Ma age for illite, suggesting that the epithermal
mineralisation was modified or overprinted by a late hydrothermal
event.The d34S values of pyrites in ores range from 0.95& to 10.5&,
and averages 4.9& (Sha, 1998; Jia et al., 2001; Wang and Zhao,
2006), suggesting that an important component of sulphur
source was magmatic. The d18Owater values range from 10.0& to
6.7&, which calculated from the d18OQ values of between 5.9&
and 13.2&, with corresponding dD values from 59& to
115&, indicate that the ore-forming fluids are mainly sourced
from meteoric water (Bao, 2001; Jia et al., 2001).
The Axi gold deposit is a low-sulphidation (LS)-type epi-
thermal system originally formed in pre-collisional volcanic arc
setting and then superimposed by syn- to post-collisional mag-
matism-related hydrothermal event.
3.2.2. Shiyingtan
The Shiyingtan (also called Xitan) Au deposit is located 90 km
southwest of Shanshan County (No. 19 in Fig. 6) and has
resources estimated at about 6.4 t Au, with grades ranging from
5 g/t to 10 g/t. Pirajno et al. (1997) reported that the deposit
contained about 5.5  106 t of ore, grading 7 g/t Au (using a cut-
off value of 1 g/t).
The Shiyingtan orefield, extends for about 1.8 km along strike
and is 1.2 km wide, situated in a Permian continental facies vol-
canic basin, which was superimposed on the YamansueJueluotag
Palaeozoic arc-back-arc system in East Tianshan. The basin was
filled by continental facies volcanic rocks of the Arbashayi
Formation of Early Permian age, consisting of purple-coloured
andesitic to dacitic lavas, breccias and tuffs, yielding two Rb-Sr
isochron ages of 281  10 Ma and 285  7 Ma (Li et al., 1998).
The basin’s basement consists of Early Carboniferous basalt,
andesite and dacite that belong to the Xiaorequanzi Formation.
The Shiyingtan Au deposit is situated on the NW margin of
a caldera structure. This caldera has a diameter of approximately
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pyroclastic rocks. The Au mineralisation is hosted in a breccia
pipe-like structure that is undeformed and unmetamorphosed,
suggesting that it was emplaced during a post-tectonic volcanic
episode and possibly during a subsequent rifting event. The
fragmented material is pervasively silicified and laced by multi-
directional veins. This central zone of silicification is associated
with pyrophyllite and chlorite and is surrounded by an envelope of
pyrite þ sericite. This is, in turn followed by a zone containing
calcite, dolomite, chlorite and ankerite. The ore minerals include
free gold (usually found interstitial to grain boundaries), pyrite,
various sulphosalts of Ag and As, some selenides (Ag2Se) and
chlorides (Ag2Cl). The breccia is composed of lithic clasts now
pervasively replaced by alteration phases, which include chalce-
donic quartz, quartz and pyrophyllite. Vein material is composed
of coarse-grained calcite þ quartz, with zones of bladed calcite
crystals, due to precipitation from CO2-rich boiling solutions, with
pyrophyllite  quartz at the vein margins. Late veinlets of gypsum
are also present.
Eighteen orebodies have been recognised in veins, lenses and
tear-shaped zones (Fig. 8). Four ore zones are economically
important and numbered as L1, L2-1, L2-4 and L3. As an
example, orebody L1 is 340 m long and 0.89e8.92 m thick
(average 3.8 m), and hosted in a fracture zone dipping north at
angles ranging from 34 to 51. The average grade of orebody L1
is 12.5 g/t Au.
The ore assemblages include electrumepyriteequartz, elec-
trumenative goldequartzesericite and electrumenative golde
quartzecalcite. Proximal hydrothermal alteration is characterised
by silica, sericite, carbonate, limonite and laumontite with occa-
sional adularia. Distal alteration includes kaolinite, propylitization
and carbonates. Electrum, native gold and calaverite, tend to form
very small grains, flakes or dendritic shapes.
Fluid inclusion studies by Feng et al. (2000) and Wang et al.
(2005) show that homogenisation temperatures in quartz are
109 Ce191 C, with an average of 150 C. The dDwater and
d18Owater values are from 81& to 95& and 2.5& to
10.4&, respectively, showing the fluid-system is dominated by
meteoric water. The d34S value of pyrite in ore ranges from 0.6&
to 1.3&, and averages 1.0&, implying that it was sourced from
igneous rocks or mantle material. Based on the above, theFigure 8 Simplified geological map of the Shiyingtan areShiyingtan deposit was formed at low-temperature, shallow-
depth, by a meteoric water-dominated fluid-system, which
continuously leached ore-forming elements from the volcanic-
subvolcanic rocks and precipitated Au into favourable loci, such
as fault zones.
As mentioned above, the timing of the Shiyingtan mineralising
event has been determined using different isotopic systems.
Isotopic ages of host rocks and related intrusions in the orefield
are between 293  1 and 255  21 Ma (Early Permian); whereas
ages for metallogenesis are between 288  7 and 237  12 Ma
(Early PermianeEarly Triassic) (Li et al., 1998). This shows that
the metallogenesis slightly postdated the magmatic activity and
that both magmatism and metallogenesis occurred in a post-
collision tectonic setting. The Shiyingtan deposit can be classified
as a low-sulphidation epithermal system and the breccia pipe
could be the remnant of a hydrothermal explosion crater, similar
to those that occur in the Taupo Volcanic Zone in New Zealand
(Cole et al., 2005).
3.2.3. Kuoerzhenkuola
The Kuoerzhenkuola (also spelt Kurzhenkula) epithermal Au
deposit (No. 2 in Fig. 6) is hosted and formed in Early Carbon-
iferous in a pre-collisional volcanic arc setting. This deposit is
located in the eastern Sawuer Mountains and is a medium-sized
with proven resources of 11.7 t of gold at an average grade of
6.02 g/t (Shen et al., 2008).
The deposit, studied and described by Shen et al. (2007, 2008)
is located in the eastern end of the Zharma-Sawur Palaeozoic arc,
which was possibly related to oceanic plate subduction along the
JesoneArmantai ophiolite belt. The regional lithostratigraphy
includes the Sawur and Heishantou Formations consisting of Early
Carboniferous andesite, andesite porphyry, sandstone, siltstone,
mudstone and limestone. In the region, Late Paleozoic granodio-
rites, granites, diorite porphyries, albite-porphyry dykes and
breccia pipes are widely developed. Main structures are ENE-
trending folds and major EeW-trending and minor NE- and NW-
trending faults.
The Kuoerzhenkuola orefield contains two epithermal systems
located along two E-W-trending faults, Kuoerzhenkuola on the
southern and Buerkesidai on the northern one. Early Carbonif-
erous felsic and andesitic rocks and breccia pipes crop out in thea and cross-section of orebodies (after Ji et al. (1999)).
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andesitic porphyry and basaltic andesitic lava.
Six Au-bearing alteration zones are controlled by WNW-
trending faults and are hundreds to thousands metres long and
10e30 m wide. Hydrothermal alteration includes kaolinitization,
silicification, sericitization, chloritization, epidotization, aluniti-
zation and fluoritization. Because of the strong kaolinitization and
alunitization the deposit is considered a high sulphidation-style
epithermal system (Shen et al., 2007, 2008; Zeng et al., 2007). All
the gold orebodies are contained within these alteration zones.
The largest orebody is 1700 m long and 1.6e10 m wide, with
albite-porphyry dykes commonly in both hanging and footwalls.
Ore grades range from 2.6 g/t to79 g/t (average 7.3 g/t). There are
two types of ore: 1) sulphideequartz stockworks, disseminations
and breccias; 2) massive sulphideequartz veins (Shen et al.,
2008). Ore minerals are mainly pyrite, chalcopyrite, pyrrhotite,
native gold; whereas gangue minerals include quartz, montmo-
rillonite, kaolinite, chlorite, epidote, calcite and alunite. Two
generations of gold deposition have been recognised by Shen and
co-workers. Stage I is represented by a pyrite-quartz assemblage,
with minor pyrrhotite, chalcopyrite and quartz filling fractures.
This constitutes low-grade ores. The sulphides of the older
generation and host rocks are brecciated and cemented by quartz
and sulphides as a result of later successive hydrothermal stages.
Stage II is the main and high-grade ore-forming phase with fine-
grained polymetallic sulphideequartz stockworks, disseminated
fine-grained polymetallic sulphide-quartz ores and brecciated
quartz-sulphides.
The temperatures of the ore fluids vary between 119 Cand 276 C,
with salinities between 2.7 wt.% and 7.9 wt.% NaCl equiv, with the
fluids having NaþeHSeCleH2O composition (Shen et al., 2007,
2008). These authors also inferred that gold was transported as
AueS complex and precipitated under reducing condition.
Zeng et al. (2007) reported, d34S values ranging from 1.5& to
3.5&, and averaging 1.9&, suggesting that the ore-forming
sulphur were sourced from magmas that fed subvolcanic intru-
sions and surface volcanism. The estimated d18Owater values vary
from 1.8& to 3.2&, with corresponding dD values of from
84& to 89&, which are indicative that the ore-forming fluid-
system is a mixture of magmatic and meteoric waters. On the
basis of the stable isotopic data Liao et al. (2000), Liao and Dai
(2000), Feng et al. (2000) and Wang et al. (2005) argued that
fluid-mixing and watererock interactions resulted in gold-
precipitation.
The deposit is hosted in volcanicesubvolcanic rocks with an
age of 343  22 Ma (Liu et al., 2003), suggesting the minerali-
sation could not be earlier than 343 Ma. This interpretation is
supported by a Rb-Sr isochron age of 341  30 Ma obtained from
gold-bearing quartz vein (Cai et al., 2000) and two 40Are39Ar
ages of 332  22 Ma from fluid inclusions also from auriferous
quartz vein (Shen et al., 2007, 2008).3.3. Gold lodes
Gold lodes are abundant throughout Xinjiang, where they occur in
the fold belts that surround and amalgamate the Tarim and
Junggar blocks. Many of these lodes have been classified as
orogenic (Rui et al., 2002), defined by Groves et al. (1998) as
a “coherent group of deposits” consistently found in collisional
orogens with the mineralisation hosted in a variety of lithologies
metamorphosed to lower-upper greenschist facies, and lesscommonly to lower amphibolite facies. The deposits occur within
high strain zones in brittle (lower greenschist facies), brittle-
ductile structures (mid-upper greenschist facies) to ductile
(amphibolite facies). Many of the orogenic deposits have a spatial
relationship to igneous rocks, while for others there is no clear
connection with igneous activity. This is certainly the case for
Xinjiang, where for several Au lodes the relationship with igneous
rocks is either not clear or unknown for lack of adequate inves-
tigations, whereas for others a spatial link with granitic intrusion is
well established, but a genetic connection remains elusive. Thus,
the difference between orogenic lodes and intrusion-related lodes
in areas of deformation (e.g. strike-slip zones; see Pirajno, 2010)
remains conjectural, at best. Henceforth, we will refer to these
mineral systems as gold lodes and avoid the orogenic or intrusion-
related qualifiers.
Rui et al. (2002) provided a good overview of lode Au deposits
in Xinjiang. In the southern Altay fold belt, Au lodes are
distributed along second order faults within 5e10 km of the
crustal scale Irtysh fault zone (Fig. 3). Similarly, in the West
Junggar fold belt, more than 300 lode deposits and occurrences are
distributed along the Dalabute fault zone, where they have been
mined since the Ming dynasty in the mid 13th century. In the East
Junggar, lode deposits follow the Karamay fault for about 400 km,
where they are generally worked by local people. In the Tianshan,
lode Au deposits abound, and for many the spatial links with
granitic intrusions are well displayed, as is the case for the
Kanggurtag deposit. Below, we describe a selection of the better
known and economically more important Au lode deposits in
northern Xinjiang.
3.3.1. Western and Eastern Tianshan (Kanggurtag ore belt)
In the Western Tianshan, about 100 km southwest of Urumqi, are
the small Wangfeng Au lodes, which are structurally controlled by
NW-trending shear zones that parallel the crustal scale North
Tianshan Fault. The Wangfeng deposit contains at least 19 ore
zones, which consist of quartz veins and stockwork veinlets in
footwall rocks. The gold resource is estimated at ca. 2.4 tonnes
and the ores are in silicified, ductile shear zones, typically with
1%e2% pyrite, with grades that decrease with depth, from 18 g/t
in the upper levels to 1.4 g/t in the lowest levels (Rui et al., 2002).
In the Eastern Tianshan, the Kanggurtag ore belt, within the
Kanggurtag (or Kanggur) Shear Zone, contains a series of min-
eralised zones and lodes, about 60 km east of the Shiyingtan
epithermal Au deposit. The Kanggurtag Belt also contains granite-
related replacement-type FeeCu and Au deposits, hosted in
volcanic rocks of the Yamansu and Aqishan Formations. Igneous
intrusive rocks in the ore belt include syn- to late-orogenic
monzonite and granite and post-orogenic alkali granite and
syenite. Lode Au deposits are localised in ductile shear zones. One
of these lodes is the Kanggurtag (Kanggur) Au deposit, with base
metal credits (Cu, Pb and Zn) and hosted in volcanic rocks of the
Aqishan Formation. Nearby deposits include Matoutan, Dadongou
and Yuanbaoshan. The Kanggurtag deposit consists of a 1e2 m-
wide quartz vein extending approximately to a depth of 500 with
a strike length of 1000 m. Resources were reported to be around
10 tonnes of Au (mine site geologist, pers. comm., in 1996). The
mineralisation is distinctly zoned, with the upper 100e150 m
being essentially Au-rich (tenors range from 5 g/t to 7 g/t), grading
downward through an Au þ Cu zone below 150 m to a Pb þ Zn
zone in the deeper levels (>300 m), with grades that may reach up
to 5% Pb, 10% Cu and 10% Zn (Rui et al., 2002). The mineralised
vein is surrounded by a 20-m-wide alteration envelope, in which
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occur from 1 to 3 m from the vein margins into the altered wall
rocks. The ore minerals comprise massive pyrite, chalcopyrite,
magnetite and lesser amounts of sphalerite, galena, Ag sulphosalts
and barite (Rui et al., 2002). Li et al. (1998) used the Rb-Sr system
to date the host rocks and a nearby tonalite stock. Ages range from
300 to 280 Ma; whereas a UePb date of the tonalite yielded an
age of 275 Ma. Li et al. (1998) suggested that mineralising events
may have occurred some 20e30 million years later that the
tonalite intrusion. Stable isotope measurements, reported in Rui
et al. (2002), show d18O values ranging from 11.3& to þ17.7&
and dD values of fluid inclusions from 53& to 61&. Sulphur
isotope of sulphides yielded d34S values of 0.9& to þ3.3&.
Rui et al. (2002), pointed out that results these stable isotopic
compositions cannot distinguish between magmatic and meta-
morphic fluids.
Pirajno et al. (1997), on the basis of field observations, sug-
gested that the Kanggurtag mineralised event was followed by
tectonic activity, during which deformation and new mineral
phases may have been introduced, or pre-existing phases redis-
tributed. Wall-rock alteration and metal zoning (from Au near the
surface to base metals at depth) suggest that the deposit was
originally a vein-type low-sulphidation epithermal system.
3.3.2. West Junggar
More than 300 Au lode deposits as well as placer deposits, with
a total resource of about 75 tonnes have been reported in the West
Junggar area (Rui et al., 2002). Gold lodes are present in the
Baogutu district, on the southeastern side of the Dalabute Fault
(see Section 3.1, No. 5 in Fig. 5), where An and Zhu (2009,
2010) in a recent work on the Baogutu Au lode deposit, detec-
ted the presence of Sb minerals, including stibnite, ullmannite,
tetrahedrite as well as native As and Sb, co-existing with chal-
copyrite and pyrrhotite, or as isolated grains enclosed in calcite
veins. Most of the lode deposits are in the Hatu district within
a zone about 70 km long and 20 km wide, on the northwest side
of and along the Dalabute fault and associated splays (Fig. 5).
The Hatu district alone contains approximately 200 Au occur-
rences and deposits, within a 60-km radius of the Hatu mine. The
Hatu district includes the Hatu, Qiqiu No. 1, Qinyiqiu No. 2 and
Saourtuhai No. 1 deposits. The mineralisation is structurally
controlled and spatially associated with the ENE-trending Anqi
and Hatu faults. The Hatu Au occurrences and deposits are
distributed within five zones. The No. 1 Zone is along the Anqi
Fault and includes the Hatu mine proper; the No. 2 Zone includes
the Saourtuhai No. 1 deposit; the No. 3 Zone contains a number
of occurrences (e.g. Huang, Gezhitoug) that are spatially asso-
ciated with granitic rocks; the No. 4 Zone is some 60 km to the
west and includes a deposit called Bozate; the No. 5 Zone
includes 6 or 7 occurrences south of Hatu.
The Hatu Au mineralisation is hosted in quartz veins
emplaced within Carboniferous basaltic (lavas and tuffs) and
sedimentary (siltstone and sandstone) rocks. The veins extend for
about 100 along strike, are up to 5 m thick, have grades of
between 5 and 10 g/t Au, have an NW trend and are spatially
associated with the ENE-trending Anqi Fault. Other vein sets are
present in the area, trending E-W, NE and NeS, but these are
either not mineralised or contain uneconomic mineralisation. The
average grade of the Hatu deposit is approximately 3 g/t (cut-off
grade is 1.5 g/t), with a remaining resource of about 600,000 t of
ore. Gold is free-milling; minor quantities of sulphides are
present and include arsenopyrite and pyrite. Hydrothermalalteration haloes are not well-developed, but where present they
contain chlorite, sericite, Fe-carbonate and sulphides. Samples
collected from the ore zone (320 level; Pirajno, unpublished
data), reveal a pervasively altered volcanic rock (texture still
recognisable), with several generations of quartz þ carbonate
material as bands and veinlets, and disseminated pyrite euhedra
and anhedral chalcopyrite. Fluid inclusion studies by Wang et al.
(2005) conducted on quartz vein material, yielded homogenisa-
tion temperatures ranging from 358 C to 210 C, whereas fluid
inclusions in pyrite gave temperatures ranging from 385 C to
179 C. Wang et al. (2005) observed two main temperature
ranges for both pyrite and quartz fluid inclusions: 390e340 C
and 287e179 C, with one high-temperature fluid, probably of
magmatic origin, overprinted by a second, lower-temperature
fluid. This is reflected in the mineral assemblages of quartz-
epyrite in white quartz veins with low Au grades (high T stage)
and quartzepyriteearsenopyrite in grey-white quartz veins with
high Au grades (low T, overprinting fluid).
The Saourtuhai district (Fig. 5) is within ophiolitic and
metavolcanic rocks along the Dalabute Fault, which provide
favourable source rocks for gold. Saourtuhai No. 1 is a small,
but rich (30 g/t) deposit and has been exploited by artisanal
workers. Details of grades and resources were not made avail-
able. Samples collected from a fuchsitic alteration zone show
that the host rocks contain carbonate, quartz, chalcedonic quartz
and a white mica (fuchsite probably; Pirajno, unpublished data).
These minerals form an irregular assemblage of interlocking
grains. No texture is discernable and it is likely that this rock is
the product of pervasive hydrothermal alteration of an unknown
protolith.
3.3.3. Altay and East Junggar
The Altay and Eastern Junggar are well endowed with lode and
placer Au deposits, but not well documented in the English
literature. In the Altay belt, Au lodes are distributed along the
crustal scale Irtysh Fault (Fig. 4), which was likely a first-order
control for mineralising fluids.
Lode Au deposits include Duolanasayi (Fig. 9), Saidu, Taerde
and Kabenkulke, associated with felsic granitic rocks, sedimentary
and volcaniclastic rocks. Duolanasayi is the largest of these,
hosted in Mid-Devonian clastic rocks at contact with limestones,
and comprising a number of ore lenses distributed along a 20 km
long and 10 km wide zone. Hydrothermal alteration of wall rocks
consists of assemblages of quartz, pyrite, sericite, carbonate and
chlorite. Skarn calc-silicate minerals are present where the lodes
cut the limestone rocks. In fact, hornfels are associated with
a 290 Ma tonalite intrusion, cut by granodiorite and granite dykes
(Rui et al., 2002).
In the Eastern Junggar there are many small Au lodes, mostly
distributed along the Karamai Fault, and generally exploited by
artisanal workers. Of these, worthy of note are Qingshui, Nan-
mingshui, Jinshan and Adake, all hosted in metasedimentary rocks
(Rui et al., 2002).
3.4. Iron skarns
Iron skarn systems are present in both the East Tianshan and Altay
orogenic belts. For the East Tianshan, Mao et al. (2005) divided
the skarn deposits into FeeCu and CueAgePbeZn types,
emphasising that the latter are not VMS type. Iron-rich skarns in
the East Tianshan include the following: Yamansu, Bailingshan,
Figure 9 Regional geology of the southern Altay, distribution of selected lode Au, VMS deposits and Mengku Fe deposit (modified after Xu
et al. (2010)).
F. Pirajno et al. / Geoscience Frontiers 2(2) (2011) 157e185 171Heijianshan, Chilongfeng, Hongyuntan, Aqishan, Heilogfeng,
Shuangfengshan and Shaquanzi. Most are small, but Yamansu has
been economically mined for many years. In the Altay orogenic
belt, Mengku and Qiaoxiahala Fe deposits are economically
important, as well as somewhat controversial in their origin.
3.4.1. Yamansu
The Yamansu FeeCu skarn deposit is one of the largest with
32 Mt at 51% Fe and 20,000 t at 0.06% Cu (Mao et al., 2005). The
mineralisation is hosted by Lower Carboniferous bimodal
volcanic, clastic and calcareous rocks of the Yamansu Formation.
Around the Yamansu open pit, the Yamansu Formation comprises
andesitic pyroclastic rocks, limestone, keratophyre and other felsic
rocks. Skarns are developed in limestone rocks that are interca-
lated with felsic and intermediate volcanic. About 500 m south-
west of the orebodies, a subvolcanic pyroxeneediorite porphyry
intrusion is present and gravity data suggest that other plutonic
rocks may exist at depth (Mao et al., 2005). The Yamansu ore
minerals include magnetite, hematite, pyrite and chalcopyrite,
forming disseminated and massive orebodies.
Prograde skarn minerals are grossulariteeandradite, diop-
sideehedenbergite, epidote, vesuvianite and wollastonite, whereas
retrograde skarn assemblages consist of actinolite, chlorite, ser-
icite and calcite. Fluid inclusion studies show that formation
temperatures of around 340e330 C for magnetite and
220e150 C for pyrite, with salinities of between 12.9 wt.% and
2.7 wt.% NaCl equiv (Mao et al., 2005 and references therein).Whole rock KeAr ages have a range of between 360 and 190 Ma,
whereas a Rb-Sr isochron age of 286 Ma was obtained from
mineralised quartz veins from a similar skarn deposit (Bailing-
shan), also in the AqishaneYamansu rift belt (Mao et al., 2005).
3.4.2. Weiquan
The AqishaneYamansu rift belt contains several other skarn
systems with a different metal association than that at Yamansu.
These polymetallic skarns are exemplified by the Weiquan
CueAgePbeZn deposit, hosted in felsic and carbonate rocks of
the Mid-Carboniferous Tugutubulake Formation. The carbonate
rocks occur as lenses intercalated with the felsic volcanic rocks
and are pervasively altered to skarns, within which are the poly-
metallic ores. Diorite dykes and a biotite granite intrusion of Late
Carboniferous to Early Permian age are present near the skarns.
Minerals that compose the skarns include andradite, diopside,
vesuvianite, and epidote (prograde assemblage) and actinolite,
fluorite and chlorite (retrograde minerals).
At surface the Weiquan deposit is 250 m long and up to 24 m
wide, with a distinct metal zoning from AgePbeZn to Cu-rich at
depth. Near the surface is supergene ore with malachite, covellite
and jarosite. Copper grades in the oxidised ore range from 0.2% to
36.7% and in the primary ore from 0.2% to 4.1%, with an average
Ag grade of 466 g/t and 2.7% combined Pb þ Zn (Mao et al.,
2005). The ore-forming age is fairly well constrained by
a UePb SHRIMP age of ca. 290e280 Ma and a 39Ar/49Ar age of
ca. 277 Ma determined on skarn amphiboles.
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The Mengku Fe skarn deposit is located in the Altay Mountains,
within a metallogenic province that includes VMS deposits (see
below) and the above-described Au lodes (Fig. 9). The Mengku Fe
deposit had resources estimated at about 110 Mt of ore with grades
ranging from 24% to 57.6% (Wang et al., 2003c), but more recent
data indicate a total resource of 200 Mt (Yang et al., 2010), with
one orebody (No. 1) containing 35 Mt, grading 41% Fe (Xu et al.,
2010). Wang et al. (2003c), Yang et al. (2010) and Xu et al. (2010)
reported on this deposit and the following is taken from these
authors.
The Mengku deposit is on the northwestern limb of anticline of
Upper Silurian rocks of the Kulumuti Group and Lower Devonian
rocks of the Kangbutiebao Formation. The Kulumuti Group is
6000 m thick and comprises metasandstone, phyllite, slate, biotite
schist, two-mica schist, gneiss and migmatite; the Kangbutiebao
Formation totals 1300 m in thickness and comprises brown marble,
banded inpure marble (Lower Member), hornblende granulite,
leptite, hornblende gneiss, amhibolite (Middle Member) and the
main host of the Fe ore (Upper Member), which consists of horn-
blendeebiotiteequartz schist, marble, hornblendeealbite granulite
and hornblende gneiss. Also in the host sequence is a Na-rich
metarhyolite (Wang, Y.W. pers. comm., 2003). The upper units of
the Kangbutiebao Formation consist of a 700 m-thick sequence of
metasandstone, biotiteequartz schist, hornblendeegarnet schist,
marble and felsic metavolcanic rocks. Granitic rocks of assumed
Hercynian age are exposed in the deposit area, comprising gneissic
granite, alkali-feldspar granite, biotite granite, two-mica granite and
quartz diorite. One of the local granites is the Mengku pluton, with
UePb zircon ages of ca. 404e400 Ma (Yang et al., 2010). The
Mengku deposit comprise twentynine orebodies, ranging in shape
from podiform to lenticular to irregular and striking 120e110.Figure 10 Cross-section of the MengkuThe Fe ore is arranged in a synclinal structure within the north-
eastern limb of the above-mentioned regional anticline (Fig. 10),
where it forms at least 20 stratiform lenticular orebodies. The Fe
mineralisation is characterised by banded, massive, disseminated,
brecciated and veins styles, with seven recognised ore types that
include: diopsideemagnetite, garnetemagnetite, diop-
sideeamphibole magnetite, quartzealbiteemagnetiteehematite,
apatiteemagnetite and quartzepyriteemagnetite. The main ore
minerals are magnetite, pyrite, chalcopyrite and pyrrhotite. The
wallrocks exhibit skarn assemblages, such as garnet, diopside,
actinolite, tremolite, scapolite, epidote and chlorite. At least four
stages of skarn have been recognised (Xu et al., 2010), namely: 1)
prograde stage with clinopyroxeneegarnetealbiteescapolitee
apatite; 2) retrograde stage with magnetiteeclinopy
roxeneegarneteamphiboleescapoliteeapatiteeepidoteechlorite
equartz; 3) sulphide stage with pyriteechalcopyr-
iteepyrrhotiteegarnetechloriteequartzecalcite; and 4) supergene
stage with hematiteegoethiteemalachiteequartzecalcite. These
four paragenetic stages conform to other Fe skarn deposits (Pirajno,
2009). Sulphur isotopic compositions show d34S values in the range
of 1.9&e14.0&. Fluid inclusion data, as reported by Wang et al.
(2003c and references therein) indicate trapping temperatures of
about 426e362 C. Further work on fluid inclusions by Xu et al.
(2010), revealed three types of inclusions in garnet: liquid-rich,
vapour-rich and liquidevapour. Homogenisation temperatures (Th)
of fluid inclusions in garnet range from500 to 348 C,with salinities
ranging from 12.9 wt.% to 9.6 wt.% NaCl equiv. Th of fluid
inclusions in clinopyroxene range from 490 to 241 C, with salin-
ities of 13.0 wt.% to 10.7 wt.% NaCl equiv. Liquidevapour fluid
inclusions in quartz gave Th ranging from 382 to 166 C, with
corresponding salinities of 13.0 wt.% to 9.6 wt.% NaCl equiv. In
summary, fluid inclusion studies indicate a fluid evolution fromhighFe orebody (after Wang et al. (2003c)).
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temperature and high salinity in the retrograde stage, to finally low
temperature and salinity in the sulphide stage. Stable isotopic data
(O-D) obtained from quartz and calcite of the sulphide stage, plot
half way between the magmatic water box and the meteoric water
line (Xu et al., 2010). On the basis of fluid inclusion data and isotope
systematics, the Mengku skarn may have originated from fluids of
magmatic origin, likely derived from granitic intrusions, although
abundant meteoric water was involved in the ore fluids of the
retrograde and sulphide stages.
The Mengku iron skarn, and probably other skarns in the same
metallogenic belt (Fig. 9), were formed in a continental margin
setting, during EarlyeMid Palaeozoic subduction under the Altay
microcontinent (Yang et al., 2010). The intrusion of the Mengku
granite (400 Ma), north of orebody No. 1 (404 Ma) and the
Qiongkuer granite (399 Ma) in the Mengku area into the Kang-
butiebao Formation (Yang et al., 2010), resulted in the develop-
ment of skarns near and along the contacts of the plutons,
apophysis and dykes with the Kangbutiebao Formation volcanic
rocks and limestone. Following the development of these skarns,
iron oxides (mostly magnetite) precipitated from the hydrothermal
fluids to form the Mengku skarn-type iron deposit.
3.4.4. Abagong; a skarn or a Kiruna-style FeeP deposit?
The Abagong magnetiteeapatite deposit (Fig. 9) is one of several
Au and CuePbeZn VMS mineral systems (including a VMS also
called Abagong) that are aligned along the NW-trending Abagong
(or Abagong-Kurti) fault zone. These deposits are hosted in the
metamorphosed felsic igneous and sedimentary rocks of the
Kangbutiebao Formation which, according to Chai et al. (2009),
was deposited in the folded and strongly deformed Kelang
volcano-sedimentary basin. The Kangbutiebao Formation rocks,
comprising rhyolitic lavas and pyroclastics, mafic rocks
(amphibolites), sandstone and carbonate rocks, are meta-
morphosed to greenschist-lower amphibolite facies. However, the
metamorphic grade of these rocks is probably higher, reaching
upper amphibolite to granulite facies and locally reaching stages
of partial melting, as evidenced by the presence of migmatites
(Pirajno, field notes, 2009).
The Abagong FeeP mineralisation at the time of a field visit
(2009) was being mined underground and by open cuts. The ores
discontinuously extend along an E-W strike for ca. 1.5 km. The
nature of the Abagong mineralisation is poorly known, with only
conference abstracts, specifically addressing this deposit (e.g. Liu
et al., 2009a,b) or simply reporting on associated lithogies (e.g. Li
and Chen, 2004; Chai et al., 2009). From these authors it can be
surmised that the Abagong mineralisation occurs primarily as
structurally-controlled lenses and veins. Liu et al. (2009a), on the
basis of REE composition (LREE-enriched, marked negative Eu
anomalies) of the apatites as well as.the magnetiteeapatite ore
association, classified Abagong as a Kiruna-style mineral system.
The host rocks of the Kangbutiebao Formation have been studied
in some detail by Chai et al. (2009), who performed SHRIMP
UePb analyses of zircons from the metarhyolites, yielding ages
ranging from 412.6  3.5 Ma to 406.7  4.3 Ma. Liu et al.
(2009b), on the other hand, reported SHRIMP UePb zircon
ages of 462  3.6 Ma and 457.8  3.1 Ma for gneissic granites,
considered to be part of a large granitic batholith in the region.
The following observations are from the field visit to the
Abagong area in 2009 and subsequent petrographic analysis of ore
and wall rock samples. The main host rocks are indeed meta-
rhyolites, typically with a polygonal granoblastic texture (felsitic,high-temperature static recrystallisation), but locally overprinted
by regional planar fabrics, probably associated with multistage
strike-slip movements of the Abagong Fault. Other rocks in the
mine area include fine-grained biotite granite, biotite schist,
gneissic granite and cross-cutting pegmatite. In one place
a lamprophyre dyke can be seen intruding the magnetite ore at the
contact between gneissic granite and metarhyolite rocks. The
Abagong ores occur as lenses, veins and breccias; the ore minerals
are magnetite, apatite (?fluoroapatite), fluorite and lesser pyrite.
Ore lenses, commonly consist of magnetite-dominant and apatite-
dominant bands. The felsitic host rocks have undergone degrees of
metasomatic alteration with the formation of quartz, calcite,
muscovite, phlogopite and epidote. These minerals are also
present in the FeeP ores of the Kiruna district, where they were
considered part of a skarn association (e.g. Nystr€om and
Henrıquez, 1994). However, at Abagong no skarn was noted.
There are at least two generations of both magnetite and apatite.
Magnetite (1) shows well-developed hematite exsolution lamellae
and is along the edges altered to martite; (2) a platy magnetite;
does not exhibit exsolution lamellae and may be a later (hydro-
thermal?) phase. Similarly, two generations of apatite comprise an
euhedral to subhedral mosaic with interstitial magnetite and
fluorite and a later poikiloblastic apatite that overprints magnetite.
Strike-slip deformation along the northwest-trending major
structures in the Altay orogenic belt, such as the Irtysh and
Abagong fault zones (Fig. 9), renders the interpretation of
tectonic, igneous and ore-forming events difficult, in spite of
geochronological data. One important conclusion reached by Chai
et al. (2009) is that the magnetiteeapatite ores postdate the rocks
of the Kangbutiebao Formation, which they suggested may have
formed in a subduction-related setting. The Early Devonian silicic
magmatism, now represented by metarhyolites, would have been
formed by partial melting of continental crust, whereas mafic
rocks resulted from a heat source related to mafic underplating,
which then caused partial melting of the overlying continental
crust. No explanation was offered for the magnetiteeapatite ores,
except that these resemble Kiruna-style mineral systems. The
Kiruna-type label is probably correct, but it must be borne in mind
that the origin of Kiruna-type FeeP ores is controversial, although
a magmatic origin is perhaps undisputed, but details have
remained conjectural since their first discovery in Sweden, some
300 years ago (Geijer, 1931). The door to the Abagong FeeP
mineralisation remains open and further work is needed to unravel
its origin and ore system classification.
3.5. Volcanogenic massive sulphides (VMS)
Small volcanogenic massive sulphide (VMS) deposits are present
in both the Tianshan and Altay orogenic belts (Fig. 4). They
include the Qiaorequanzi CueZn (about 60 km NE of Shiyingtan),
Keketele PbeZn (Wan et al., 2010), Koktal PbeZn and Ashele
CueZn in the Altay belt (Fig. 9). In this section, we present a brief
description of the Ashele and Koktal deposits.
3.5.1. Ashele
The Ashele VMS, discovered in 1984, has been the subject of
studies, mostly by Wang (1999, 2003) and Wang et al. (1998). The
following is taken from these works, integrated with field observa-
tions (Pirajno, unpublished). The Ashele deposit is hosted by Mid-
Devonian bimodal volcanic rocks, interbedded with cherts and reef
limestones and has resources of about 1 Mt metal, with 2%
combined Cu þ Zn grades, but with significant Au grades of about
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to 352 Ma (Li et al., 1998). The volcanic rocks comprise spilitic
basalt, tuff, keratophyre and dacite of the Ashele Formation,
intruded by Late Devonian dacite and mafic porphyry (lamp-
rophyre?), overlain by basalt and dacite of the Qiye Formation. The
VMS deposit contains at least 10 ore zones, but only the No. 1
orebody, an N-S-trending lens of massive sulphides, is economic
and is beingmined (authors’ mine visit, 2003). TheNo. 2 ore zone is
a polymetallic-barite lens, whereas the No. 3 ore zone consists of
massive Cu-rich sulphides, hosted in pyroclastic rocks.
TheNo. 1 orebody is near the contact between spilitic and dacitic
rocks and footwall alteration is represented by various combinations
of sericite, chlorite and carbonate minerals and disseminated chal-
copyrite. In the hangingwall, the dominant alteration minerals are
pyrite and chlorite. The massive sulphides have a geochemical
signature characterised by a sodium depletion halo, both in the
hangingwall and footwall. The Ashele ore can be subdivided into
two types: 1) veinlets and stringers in brecciated volcanic rocks; 2)
massive sulphides. Veinlets and stringers are part of the feeder pipe
and as such these underlie the massive sulphide lens. The main ore
minerals at Ashele are pyrite, chalcopyrite, sphalerite, galena and
tetrahedrite; lesser amounts of other ore minerals include bornite,
chalcocite, covellite, arsenopyrite, argentite, native gold, electrum,
hessite and marcasite. Also present are magnetite, hematite and
psilomelane. Gangue minerals include quartz, sericite, chlorite and
calcite. Barite is abundant in other ore zones, but not in the No. 1
orebody. Pyrite and chalcopyrite are the dominant ore minerals in
the syngenetic VMS ore, but are also present in remobilised veins.
The ore mineral assemblages are distinctly zoned. In the No. 1
orebody the chalcopyriteegalenaesphaleriteebarite assemblage is
at the top, followed downward by galenaesphaleriteechalcopyrite,
sphaleriteechalopyriteepyrite and chalcopyriteepyrite at the
bottom. The stringer ore, which underlies the massive sulphide
lenses, consists of chalcopyriteepyriteequartz and minor sphaler-
iteetetrahedrite. Fluid inclusions in quartz yield homogenisation
temperatures ranging from 313 to 296 C, in sphalerite from 239 to
168 C. The d34S values from theNo. 1 orebody have a fairly narrow
range from 2.8& to þ8.2&. Barite from the No. 2 orebody has
d34S values from 18.9& to 23.5& (Wang, 2003). Wang (2003)
suggested that the Ashele VMS was formed in an oceanic island
or seamount environment near a continental margin. This author
further suggested that the host volcanic sequence may be related to
a hotspot.
3.5.2. Koktal
The Koktal PbeZn massive sulphide deposit, with resources of
about 3 Mt, grading 1.5% Pb, 3.16% Zn and 0.08% Cu, is
considered to be similar to an Iberian Pyrite Belt type syngenetic
deposit, rather than a typical VMS (Wang et al., 2003b). The
deposit is located in the same Devonian volcanic belt as the
Mengku Fe deposit (see above). The deposit geology was
described in Wang et al. (2003b) and is summarised here.
The Koktal VMS system consists of a series of stratiform
sulphide lenses, typically underlain by uneconomic zones of
stringer/stockwork mineralisation. The orebodies are hosted in
rhyolitic flows and pyroclastic rocks, have an NW strike and are
from 1700 to 100 m long and 40 to 7 m wide and extend downdip
for up to 700 m. The stratiform sulphide lenses are characterised
by disseminated and banded semi-massive to massive sulphide
ores. The ore minerals include mainly sphalerite, galena and pyrite
with lesser amounts of chalcopyrite. Other ore minerals are
pyrrhotite, marcasite, arsenopyrite, tetrahedrite, bornite, magnetiteand barite. Fluorite and tourmaline are also present. The primary
textures of the ore minerals have been obliterated by recrystalli-
sation due to subsequent deformation events. Wang et al. (2003b)
recognised three types of alteration in the footwall rocks. A “white
zone” distal alteration that consists of sericiteeK-feldspar;
a proximal “green zone”, represented by chlorite, actinolite and
biotite; and a feeder pipe characterised by silica, chlorite and
lesser epidote associated with the stringer and veinlet sulphides.
Fluid inclusions in quartz revealed three groups of homoge-
nisation temperatures: 1) 390e244 C in the stringer/stockwork
zone; 2) 330e222 C in the massive ores, and 3) 330e300 C in
the semi-massive ores. Salinities in all inclusions vary from 11%
to 7% NaCl equiv. The sulphur isotope compositions show the
d34S of sulphides range from 15.8% to 5.1&, with an average of
10.5& in disseminated and massive sulphides. The underlying
stringer/stockwork sulphides have d34S values of 5.1% to 1.0&,
which are close to magmatic values. Wang et al. (2003b)
compared the Koktal d34S values with those of other VMS
deposits and concluded that the Koktal sulphur isotopic compo-
sitions is close to those of the massive sulphides in the Iberian
Pyrite Belt (Tornos, 2006 and see Pirajno (2009) for an overview
of the Iberian Belt).
3.6. Magmatic NieCue(PGE) deposits
Several magmatic sulphide and oxide deposits are present in the
East Tianshan, in the Altay orogenic belt and in the West Junggar
(Figs. 4 and 11). These include NieCu sulphides in zoned and
layered intrusions, as well as podiform chromite in ophiolitic
rocks, such as the previously mentioned Saourtuhai Cr deposit
(not discussed here).
The Altay and Tianshan magmatic NieCu deposits are
genetically associated with and hosted in funnel-shaped, differ-
entiated layered and/or zoned maficeultramafic intrusions. It is
our opinion that these intrusions are spatially and temporally
associated with Permian and Triassic flood basalts and A-type
granitic rocks (Pirajno et al., 2008). The Altay and Tianshan
maficeultramafic intrusions have features that are similar to
concentrically zoned and funnel-shaped Alaskan-type complexes
(Pirajno et al., 2008; Xiao et al., 2008). Typically, Alaskan
complexes consist of an ultramafic core surrounded by an enve-
lope of earlier gabbroic rocks and are usually of small size ranging
from 12 to 40 km2 and are known to be related to subduction
systems (Johan, 2002). The general zoning of Alaskan-type
complexes passes from a dunite core, through successive zones of
olivineeclinopyroxenite, biotite and hornblende-bearing clino-
pyroxenite, then hornblendite and finally to an outer zone of
monzoniteegabbro. A similar pattern, albeit with variations
between various intrusions, characterises the intrusions in northern
Xinjiang.
The outcrop area of these zoned maficeultramafic intrusions,
range from 0.1 km2 (Kalatongke) to about 3 km2 (Huang-
shandong). The maficeultramafic rocks have mineralogical
evidence to show that their liquidus temperatures decrease
outwards through the successive zones, as in a fractional crystal-
lisation sequence, with hornblende being a late product in the
outer zones (Zhou et al., 2004). A possible model for the origin of
these complexes is that of intrusions of a tholeiitic magma, which
gives rise to gabbro or gabbronorite, followed at a later stage by
ultramafic magmas that are emplaced at localised centres as
multiple intrusions, in order of increasing liquidus temperature,
from pyroxenite, then wehrlite to dunite. The mineralisation styles
Figure 11 Distribution of magmatic NieCu sulphide deposits in northern Xinjiang; Maficeultramafic belts: I Kalatongke, II Huangshan-
Jing’ershan, III Qingbulake, IV Baishiquan, V Pobei, VI Kurutag; after Zhang et al. (2008), modified from Chen et al. (1997) and Wang et al.
(2006).
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sulphide networks, and disseminated sulphide. Sulphide veins and
dissemination locally penetrate footwall rocks. The environment
of emplacement of the multiple ore-bearing intrusions of ultra-
mafic magma (probably mantle-derived) is the upper crust in
tensional environments associated with rifting. Contamination of
the magma was an important factor for sulphur saturation and
formation of a sulphide phase (Naldrett, 2004).
In the East Tianshan these zoned maficeultramafic intrusion
are numerous and tend to be located near the contact between the
northern part of the Kanggurtag shear zone and the Dananhu arc.
Mao et al. (2005) listed the following: Tudui, M102, Erhonwa,
Xiangshan, Huangshannan, Huangshanxi, Huangshandong, Hon-
gshigang, Heishiliang, Huludong, Chuanzu, PoyiePoshi and
Madi. Of these the Huangshan, Huangshandong, Huangshannan,
Xiangshan, Tudun and Hulu host economic NieCu sulphides.
Below, we discuss two of the economically important belts of
maficeultramafic intrusions in northern Xinjiang: the Huangshan-
Jing’erquan in the Tianshan and Kalatongke in the Altay.
3.6.1. Huangshan-Jing’erquan maficeultramafic belt
Gu et al. (1995) and Zhou et al. (2004) described the geology and
mineralisation of the maficeultramafic intrusions in the Huang-
shan-Jing’erquan district in the eastern Tianshan (Fig. 11). The
Huangshan-Jingerquan district, about 140 km southeast of the town
of Hami, contains more than 25maficeultramafic complexes, some
of which have subeconomic and economic magmatic
NieCue(PGE) mineralisation. The Xianshan, Huangshanxi and
Huangshandong are part of a series of maficeultramafic complexes
along the AqishaneYamansu suture zone.
The funnel-shaped Huangshanxi intrusion is about 3.8 km long
and 800 m wide and is composed of an early ultramafic unit,
intruded by a layered ultramaficemafic unit and a late mafic unit.
The rock type of the first unit is peridotite, the second unit
comprises, from base to top, wehrlite (ca. 150 m), olivinewebsterite (ca. 570 m), plagioclase websterite (ca. 350 m), gabbro
and noritic gabbro (ca. 200 m) and finally diorite (ca. 150 m).
Zhou et al. (2004) suggested the following crystallisation
sequence:
cpx  ol/ cpxeopxol/ cpxeopxpl/ cpxeopxepl/
pleqtzebt. The last unit forms the lower margin of the intrusion
and is a fine-grained gabbronorite. At least 40 ore zones have been
identified in the Huangshanxi intrusion with resources of about
80 Mt grading 0.54% Ni and 0.30% Cu. The ore minerals are
pyrrhotite, pentlandite and lesser chalcopyrite.
The Huangshandong intrusion (Fig. 12) is lozenge-shaped in
cross-section and lens-shaped on the surface, 3.5 km long and
1.2 km wide, and like the Huangshanxi intrusion is composed of
a sequence of intrusive phases. From the base to top, rock types of
the first phase are olivine gabbro, hornblende gabbro and diorite.
The second phase consists of gabbronorite dykes that intrude
phase one rocks; the third phase comprises hornblende lherzolite,
troctolite and gabbro. Twenty ore zones are present in the
Huangshandong intrusion with reserves of approximately 135 Mt,
grading 0.30% Ni and 0.16% Cu. The ore minerals are pyrrhotite,
pentlandite, chalcopyrite and pyrite.
SHRIMP UePb dating of zircons from the more evolved rocks
of the Huangshanxi intrusion by Zhou et al. (2004) yielded a mean
206Pb/238U age of 269  2 Ma. In addition, the same investigators
carried out Rb-Sr and Sm-Nd analyses and obtained 87Sr/86Sr ratio
of 0.71023  4 and 143Nd/144Nd ratio of 0.511845 and positive
3Nd(t) values ranging from þ6.7 to þ9.3. Zhang et al. (2008)
carried out ReeOs dating of sulphide ore from Huangshandong
and obtained an age of 284  14 Ma. More recently, in situ SIMS,
UePb zircon ages from gabbro yielded a weighted mean age of
279.6  1.1 Ma (Han et al., 2010). A Rb-Sr isochron age of ca.
260 Ma from a muscovite granite that intrudes the
maficeultramafic rocks was reported by Gu et al. (1995).
Zhou et al. (2004) suggested that the Huangshan-Jing’erquan
intrusions are typical of continental settings and, on the basis of
Figure 12 Simplified geology of the Huangshandong zoned intrusion (a) and cross-section (b); after Mao et al. (2008).
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tholeiitic basaltic magmas. The NieCu sulphide mineralisation is
of magmatic origin as shown by cumulus-intercumulus textures
and its stratiformestratabound style.
The origin of these maficeultramafic intrusions and associated
magmatic sulphides is still controversial. Zhou et al. (2004)
proposed a mantle plume model to explain the emplacement of
the maficeultramafic intrusions and associated A-type granites.
According to Pirajno et al. (2008), the timing of the Huangshan
magmas is post-orogenic and within-plate, as are many of the A-
type granitic rocks in the region, and the zoned intrusions are of
Alaskan-style, but related to mantle plume activity, possibly the ca
280 Ma Tarim event (Pirajno et al., 2009). Han et al. (2010)
instead suggested that the maficeultramafic complexes are typi-
cally Alaskan type and as such related to subduction zone-arc
setting, as in the Cenozoic orogen of Alaska. In yet another model,
Zhang et al. (2010a,b, in press), referring to the Huangshanxi
NieCu deposit and using geochemical and Sm-Nd systematics,
suggested that the maficeultramafic intrusions of the Huangshanbelt (Fig. 11) correlate with within-plate tholeiitic basalts in the
Turpan Basin (see Fig. 3).
3.6.2. Kalatongke
The Kalatongke region in the Altay orogen is characterised by
a 200 km long and 20 km wide zone containing a series of
maficeultramafic intrusions, along the northwest-trending Irtysh
strike-slip fault (Figs. 3, 4 and 11 and 13) (Yan et al., 2003). These
maficeultramafic rocks intruded sedimentary and volcanic rocks
(Namingshui Formation) of Lower Carboniferous age (Yan et al.,
2003). In the area of the Kalatongke NieCu deposit at least eleven
zoned and differentiated maficeultramafic complexes have been
identified, of which the three largest, labelled Y1, Y2 and Y3, are
well mineralised, but poorly exposed. The Y1 intrusion returned
a UePb age of 287  3 Ma (Han et al., 2004). In addition, precise
ReeOs dating on sulphide ores yielded isochron ages ranging
from ca. 282 to 284 Ma (Zhang et al., 2008). The main Kalatongke
intrusion hosting the sulphide ores is funnel-shaped and charac-
terised by a fine-grained biotiteehornblende gabbro shell
Figure 13 Simplified geology of the Kalatongke area and distribution of mafic and maficeultramafic intrusions (a); cross-section of the Y1
intrusion and position of sulphide orebody; after Zhang et al. (2008).
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and olivine norite. The boundaries between these zones are
gradational. The geology, geochemistry and isotope systematics of
the Kalatongke ores and their host rocks have been studied by Yan
et al. (2003) and Zhang et al. (2009).
Economic magmatic NieCu sulphide deposits occur in three
of the above-mentioned eleven zoned mafic intrusions, consti-
tuting the Kalangtoke deposit, which is the second largest in China
after Jinchuan (e.g. Lehmann et al., 2007). Reserves of the
Kalatongke deposit measured in 1978, consisted of
240,000 tonnes of Ni metal, 420,000 tonnes of Cu metal and about
8 tonnes of PGE (Mao et al., 2008), while in 2005 a newly
discovered massive sulphide orebody had a reserve of
200,000 tonnes of Ni and Cu, grading 4.09% and 3.73%,
respectively (Zhang et al., 2009). The Y1 intrusion is lenticular
and is almost 700 m long and 40e290 m wide, and its long axis
strikes northwest (along the Irtysh strike-slip fault) and dips
60e85 to the northeast. The main rock types of Y1 are, from
base to top: biotiteehornblende microgabbro, bio-
titeehornblendeeolivine norite, biotiteehornblende norite.
The Kalatongke mafic rocks have total alkali contents of up to
7%, suggesting an alkaline affinity. Geochemical data show that
these intrusions contain less MgO and more silica and alkalis
suggesting some degree of differentiation (Yan et al., 2003). In
addition, ore-forming elements (S, Cu, Ni, Co) tend to increase
with increases in the MgO contents of the rocks (i.e. from diorite
to norite). Sulphide ores form massive to disseminated zones, with
high-grade massive ores generally in the centre, grading outward
from strong to weak disseminations. The ore minerals are chal-
copyrite, pyrrhotite and pentlandite with varying amounts of
pyrite, violarite, magnetite, AueAg mineral and tellurides.
Sulphur isotope analyses by Yan et al. (2003) on samples from
an ore-bearing Kalatongke intrusion give a range of d34S from
3.5& to þ3.0&, with an average of 0.2&. These values areconsistent with mantle-derived sulphur. Lead isotopic composi-
tions of sulphide minerals reported by the same authors indicate
that the lead was derived from the subcontinental mantle. Zhang
et al. (2008) showed that the Kalatongke intrusions have initial
87Sr/86Sr ratios ranging from 0.70375 to 0.7054 and 3Nd(t) from
þ6.3 to þ8.2, implying that the magmas originated from depleted
asthenospheric mantle, but with strong crustal contamination as
revealed by ReeOs isotope systematics. These authors pointed out
that these ages are, within errors, close to those of A-type granites
in the Altay orogen.
Zhang et al. (2010a,b, in press), on the basis of their
geochemical data concluded that the parental magma of the
Kalatongke intrusions was derived from a metasomatised
asthenospheric mantle, modified by aqueous fluids from an earlier
subduction system.
3.7. Rare metal pegmatites
There are more than 150 pegmatite-hosted rare metal deposits and
occurrences in the Chinese Altay Mountains (northern Xinjiang),
located within the Central Altaishan terrane, which consists of
high-grade metamorphic rocks and granitic intrusions. These
pegmatites form a belt that extends for more than 450 km, with
Altay City roughly in the middle of the belt (see Fig. 4). Rare
metal pegmatites have been studied and reported by Wang et al.
(2003b) and Zhu et al. (2006). These authors’ publications
provided the information for this section.
Wang et al. (2003b) classified the pegmatite-hosted rare metal
deposits of the Chinese Altay into three types (for a classification
of pegmatites see Cerny and Ercit, 2005), based on metal and
mineral associations: 1) mineralogically complex deposits,
enriched in Be, Li, Nb, Ta, Zr, Rb, Cs, Hf and U; 2) pegmatites
enriched in Be, Nb, Ta and gem-quality Be; and 3) rare metal
bearing muscovite deposits hosted in gneissic rocks and
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No. 3 and the Kulumutu No. 112 pegmatite veins. In this section,
we discuss the world-class Keketuohai deposit.
3.7.1. Keketuohai
The Keketuohai No. 3 pegmatite is one of about 1000 pegmatite
veins in the region. The No. 3 vein was mined out by 1999, but it
constituted one of the largest rare metal producers in China with
more than 3 Mt of ore extracted. However, according to Zhu et al.
(2006), more than 60% of the pegmatite body was left unmined,
due to unfavourable market conditions at that time. The No. 3
pegmatite when last visited in 2009 was in full operation.
Undeformed granites occur as small plutons of biotite granites
and two-mica granites that are part of the Aral Batholith and
intrude Carboniferous volcano-sedimentary rocks, Ordovician
metamorphic rocks and gneissic granite. Importantly, the gneissic
granite yielded KeAr ages of 390e330 Ma, whereas biotite from
the biotite granite plutons yielded a KeAr age of ca. 251 Ma
(Zhu et al., 2006 and references therein). The undeformed biotite
granite plutons are associated with the pegmatite veins. The No. 3
vein is a zoned pegmatite that contained Be-, Li, Nb-Ta-, Cs-, Zr-,
Hf-, U- and Bi-bearing minerals, this vein and 25 others in the
deposit area are mostly hosted in mafic rocks, with a few in
granitic or schist rocks. The No. 3 pegmatite vein has a cupola
shape, about 2.16 km long along an N-S trend and 1.66 km wide,
that flattens to an almost subhorizontal sheet at its base. The
cupola is divided into the following zones that from the margins
to the centre are: 1) graphic and sub-graphic contact zone; 2) Be-
enriched nested zone of sugary albite; 3) massive microcline; 4)
Be-enriched muscovite and quartz; 5) NbeTa cleavelandite and
spodumene; 6) NbeTa quartz-spodumene; 7) NbeTa lamellar
albite; 8) albiteelepidolite; and 9) Cs-enriched massive micro-
cline and quartz. Zhu et al. (2006) recognised 10 zones, which
from rim to centre, are the same as 1 to 6 above, with a slightly
different zone 7 (muscoviteealbite), an 8th zone with albite and
lepidolite, a 9th zone with with quartz and pollucite and a 10th
zone of highly differentiated massive microcline-quartz. The No.
3 pegmatite had some of the largest crystals ever found, such as
an 8 m-long spodumene crystal, weighing 8 tonnes (Zhu et al.,
2006). Alteration of the country rocks around the pegmatite
consists of biotite, chlorite and tourmaline in mafic rocks and
albite, sericite and greisen in more felsic rocks. The mineralogy
of the pegmatite is dominated by microcline, albite and quartz
with accessory minerals of tourmaline, garnet, apatite and
muscovite. The main ore minerals comprise spodumene, lepido-
lite, beryl, tantalite, microlite, Csegarnet, Lievivianite, variscite,
gahnite, bismutite, Hf-enriched zircon, pyrite, galena, sphalerite,
petalite and fluorite.
The age of the No. 3 pegmatite vein was first determined using
the 40Ar/39Ar isotopic system on muscovite and feldspar, yielding
ages ranging from ca. 178 to 148 Ma (Wang et al., 2003a). Zhu
et al. (2006) reported apatite and muscovite Rb-Sr isochron ages
of 218.4  5.8 Ma and an initial 87Sr/86Sr ratio of 0.708. On the
other hand, SHRIMP UePb zircon dating by Wang, T., et al.
(2007b), yielded weighted mean ages of 220  9 Ma,
213  6 Ma and 198  7 Ma, with the last two ages probably
representing stages of hydrothermal alteration. The UePb age
data indicate that the 220 Ma is the age of emplacement.
Helium isotopes (3He/4He ratios) show values ranging from
1.795 to 2.540, interpreted to represent a mantle source (Wang
et al., 2003b). Zhu et al. (2006) discussed the genesis of the
Keketuohai pegmatites and convincingly showed that both partialmelting of continental crust and upper mantle material were the
main source of the magmas that produced the pegmatites. Various
lines of evidence also show that A-type magmatism in the region
with juvenile compositions was comparatively common in the
Permian and Triassic. The pegmatites have 3Nd(t) values of
between 0.76 and 3.04 with model ages ranging from 1.47 to
1.45 Ga, indicating that old continental crust was indeed involved
in magma generation, or a mixture of old continental crust and
volcanic arc material (Zhu et al., 2006). The 3Nd(t) values of whole
rocks (apatite in pegmatite 2.75 to 3.04; biotite from granites
2.75 to 3.15; pegmatite whole rock 2.77 to 3.21), suggest
that the granites and pegmatite have a common source. However,
Zhu et al. (2006) pointed out that the genetic relationship between
granites and pegmatites may be more complicated, because apatite
samples separated from granites have higher 3Nd(t) values (0.76
to 1.05) than those of the pegmatites. The explanation may lie in
prolonged fractional crystallisation processes that have produced
the well developed internal zoning. This is confirmed by the
different ages of the pegmatite zones, from 246 Ma for the
external zones to 120e115 Ma for the internal zones. Given the
Triassic age range of the No. 3 pegmatite and the involvement of
anatexis of old continental crust and upper mantle (Zhu et al.,
2006), it is possible that the Altay pegmatite field was formed
during the widespread intraplate thermal event that affected large
areas of Central Asia, where rare metal mineralisation in
pegmatites and alkaline intrusions is common (Pavlova et al.,
2004; Borisenko et al., 2006).
3.8. Uranium deposits
Min et al. (2005a,b) studied and reported on sandstone-hosted
roll-front type uranium deposits in Xinjiang. Three of these
deposits, Wuyer, Wuyisan and Wuyiyi, are located near the
Kazakhstan border in what the authors refer to as YL Basin (Yili)
and a fourth in the Turpan Basin, about 200 km southeast of
Urumqi. Also in the Turpan Basin, U mineralisation is hosted in
Jurassic coal measures (Wu et al., 2009). The U deposits in the
YL basin are considered to be an extension of a large U province
in Kazakhstan and Uzbekistan. Both the YL and Turpan basins
also host oil and gas reservoirs and coalfields. Both basins have
a basement of Proterozoic and Palaeozoic sedimentary and
volcanic rocks, unconformably overlain by successions of Triassic
sandstone and shale, Jurassic conglomerate, sandstone, shale and
coal beds (Shuixigou Group), Tertiary red conglomerate, sand-
stone and shale. Permian sandstone and shale are present in the
Turpan Basin. The U deposits are hosted in sandstone units of the
Shuixigou Group divided into three formations, from base to top:
Badaowan Formation with conglomerate, sandstone and coal; the
Sangonghe Formation with conglomerate, sandstone, pelitic rocks
and coal, overlain by the Xishanyao Formation with pelite, coal,
sandstone and conglomerate. The ore-bearing sandstone units are
overlain and underlain by impermeable shales and are of alluvial
fan and braided river facies. The host sandstone is composed of
quartz, feldspar, carbonaceous debris and lithic fragments in
a matrix of clay and silt. The orebodies have a classic single or
double C-shape (roll-front) at the interface between oxidised and
reduced rocks (Fig. 14). The ore minerals are uraninite, coffinite,
pyrite, marcasite, galena and not precisely identified cryptocrys-
talline urano-organic complexes. Min et al. (2005a,b) also
reported that plant material in the ore zones contains U, Se,
Mo and Re. The mineralisation has UePb ages of ca. 17 to
11 Ma.
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The Tianshan and Altay orogenic belts in northern Xinjiang are
well endowed with a range of mineral systems, from porphyry,
epithermal to shear zone-hosted lode Au deposits and NieCu
sulphides in maficeultramafic complexes. Some epithermal
systems, shear zone-hosted Au and magmatic NieCu deposits
were formed between 290 and 240 Ma (Mao et al., 2008; Pirajno
et al., 2008; de Jong et al., 2009; Yang et al., 2009). In particular,
the development of Au mineralisation reached a peak between 290
and 270 Ma and is thought to have resulted from extensive
convective circulation of hydrothermal fluids, associated with
granitic intrusions, controlled by strike-slip faults (de Jong et al.,
2009).
The geodynamic evolution of the Tianshan and Altay orogenic
belts has been investigated by several researchers (e.g. Windley
et al., 1990, 2002, 2007; Xiao et al., 2004a, b, 2008; ZhaoFigure 14 Stratigraphy of the Shuixingou Group and poet al., 2008; Gao et al., 2009; Biske and Seltmann, 2010;
Seltmann et al., 2011). Plausible scenarios that attempt to
explain the geodynamics of the northern Xinjiang region, taking
into account the context of associated mineral systems are shown
in Figs. 15 and 16, for the Tianshan and Altay orogens,
respectively.
A model of the geodynamic evolution of the Altay orogen,
as envisaged by Yang et al. (2010 and references therein),
shown in Fig. 15, can be summarised as follows. During the
EarlyeMiddle Ordovician (500e460 Ma), the Palaeo-Asia
ocean was subducted northward beneath the Altay micro-
continent, forming arc volcanic rocks ca. 500 Ma (Windley
et al., 2002). Between ca. 460 and 410 Ma, a continental arc
was formed. Subduction of the Palaeo-Asian oceanic plate
at 413 Ma, resulted in a series of continental rift basins on
the southern margin of the Altay microcontinent, including
the Maizi, Kelan and Chonghuer basins, and Kuerti back-sition of roll-front U deposits; after Min et al. (2005a).
Figure 15 Model of the geodynamic evolution of the Altay orogen, between Late Cambrian and Late Devonian and formation of Fe skarn
deposits (410e375 Ma); after Yang et al. (2010).
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ianeEarly Devonian), calc-alkaline rhyoliteebasalt volcanic
rocks and sedimentary rock of the Kangbutiebao Formation
formed in an extensional setting. At this time, volcanogenic
PbeZn deposits and Fe skarn deposits were formed in the
volcano-sedimentary basins. At ca. 400 Ma, magmatism and
orogeny reached peak activity, as exemplified by the Mengku
granite pluton (400 Ma) in the Mengku Fe skarn deposit area
(see Section 3.4).
As shown in Fig. 16, the mineral systems reviewed in this
paper, were formed in distinct tectonic settings (Han et al.,
2006a,b; Xiao et al., 2004b, 2009b). Subduction-related (active
continental margins and island arcs) systems, were largely
responsible for the formation of porphyry, epithermal, VMS and
skarn mineral deposits. On the other hand, shear zone-hosted
lode Au deposits and magmatic NieCu sulphides hosted in
funnel-shaped (Alaskan-style) maficeultramafic intrusions, are
probably associated with complex intraplate deformation and
mantle upwellings (Pirajno, 2010). There is evidence, particu-
larly in the Kanggur shear zone that some of the Au lodes may
have been re-worked from pre-existing subduction-related
intrusion-related and/or epithermal systems. Recent AreAr
geochronology of shear zone-hosted Au deposits in the eastern
Tianshan (Kanggur, Hongshi and Hongshan), has shown that the
Au mineralisation is temporally related to late stages of the
shear zone activity in the region. Chen et al. (2009) showed that
the main ductile shear deformation time was between 262.9 and
248.8 Ma, whereas the timing of the mineralisation was between
261.0 and 246.5 Ma. Furthermore, Chen et al. (2009) suggestedthat the mineralising event began after the rapid uplift in the
middle-western part of the shear zone. It can then be speculated
that the uplift was conducive to the influx of meteoric waters,
which may have enhanced and redistributed pre-existing Au
mineralisation.
Pirajno et al. (2008) examined the nature of Alaskan-style
maficeultramafic intrusions and associated NieCu magmatic ore
deposits. Taking into consideration the spatialetemporal rela-
tionship of these mafic, maficeultramafic complexes with coeval
A-type granites, we concur with Zhang et al. (2008) and Su et al.
(in press) that these magmatic events occurred during an exten-
sional regime, possibly related to a mantle superplume event that
affected much of central Asia in the Permian, of which the 250 Ma
Greater Siberian large igneous province (LIP), the (260 Ma)
Emeishan LIP and the Tarim (280 Ma) event, are part (Dobretsov,
2005; Pirajno et al., 2009). Finally, the Jurassic sandstone-hosted
roll-front U mineralisation in the Tuhua Basin relates to flow of
low-temperature meteoric fluids associated with clastic
sedimentation.
The northern Xinjiang region remains one of the most inter-
esting and, justifiably well studied regions in China. The nature of
the mineral systems that are present in the Tianshan, Junggar and
Altay orogenic belts provide useful insights for the understanding
of the geodynamic evolution of the CAOB, as a whole. The
abundance of publications in all fields of the Earth sciences is
testimony to the interest that the northern Xinjiang region exerts in
the geoscientific community. Commonly, these works hotly debate
contrasting tectonic and/or ore genesis models, which are
a prerogative of vigorous scientific enquiry.
Figure 16 Model of the geodynamic evolution of the Tianshan orogen and associated metallogeny, between the late Ordovician and the
Permian; after Xiao et al. (2004b).
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